TA 7i5.ciS™"""'"™""-""'"^ 



iiiTiiiiiiMi?^ 'or earthwork computations, 




3 1924 004 602 953 




Cornell University 
Library 



The original of this book is in 
the Cornell University Library. 

There are no known copyright restrictions in 
the United States on the use of the text. 



http://www.archive.org/details/cu31924004602953 



METHODS 

FOR 

EARTHWOEK COMPUTATIONS 



BY 

C. W. CIIOCKETT 

PROFESSOR OF MATHEMATICS AND ASTRONOMY 
RENSSELAER POLYTECHNIC INSTITUTE 



FIRST EDITION 

FIRST THOUSAND 



NEW YORK 

JOHN WILEY & SONS 

London: CHAPMAN & HALL, Limited 

1908 



COPyBIGHTED, 1908, 

BY 

0. W. Ceockett 



Stanbope JJtcsa 

F. H. GI'USOK COMPANV 
BOSTOH. U.S.A. 



PREFACE. 



An attempt has been made in this book to formulate a series 
of rules by which the terms necessary for the numerical compu- 
tation of volumes, either by the prismoidal formula or by the 
average end area method, may be written directly from the notes. 
In each of the first three chapters a general rule, applicable to 
any case, is first stated; and then special rules, applicable to the 
cases that most frequently occur in practice, are given, these 
rules gaining in simplicity as their application becomes more 
limited. 

Tables and diagrams have been issued in large numbers, each 
prepared for a special case and necessarily limited in extent, 
and many of them are valuable in their separate fields. But 
the slide rule has been coming into such general use in recent 
years that the author has deemed it advisable to prepare one, 
described in Chapter VI, that may be used for earthwork deter- 
minations. The adopted arrangement of the scales makes the 
instrument general in application, so much so that it will enable 
the computer to determine the volume in any case considered in 
this book. 

The author wishes to call the reader's attention to Appendix 
III, in which the rules are stated in a manner that, it is believed, 
will make their application in practice simple and rapid, with 
little chance of error. 

Rensselaer Polytechnic Institute, 
Trot, N. Y. 



CONTENTS, 



INTRODUCTION. 

Page 

1. Purpose of Chapter I 1 

2. Chapter II 2 

3. Chapter III 2 

4. Chapter IV ; 2 

5. Chapter V ... 2 

6. Chapter VI 2 

7. Approximate results of earthwork determination 2 



CHAPTER I. 

Application op the Phismoidal Poemula when the Cross-Sections are 
Determined by Levels. 

8. The prismoidal formula 5 

9. Description of the general solid 6 

10. Determination of the end sections 6 

11. Application to practice 6 

12. Illustrative solid 6 

13. The method of this chapter 7 

14. The prismoidal formula applied. — The general case 8 

15. The prismoidal formula applied. — Special cases 9 

The General Rule. 

16. Definitions . . 11 

17. The general rule for prismoidal volumes. — Rule 1 12 

18. Rule 1 12 

19. Case 1 12 

20. Case 2 13 

21. Case 3 14 

22. Case 4 14 

23. In each' of the four cases 15 

24. Example 15 

25. Example. Second method 18 

26. Modifications of the general rule 20 

v 



vi CONTENTS 

The General Railroad Solid Rule. 

Page 

27. Railroad cross-sections 20 

28. The railroad solid, or prismoid 21 

29. The general railroad rule. — Rule 2 22 

30. Rule 2 23 

31. Applicability of Rule 2 . . . 23 

32. Example 23 

The Railroad Solid with only Triangular Surfaces and Plane Side Slopes. 

33. Mathematical foundation of Rule 3 25 

34. The railroad solid with only triangular surfaces and plane side 

slopes. — Rule 3 26 

35. Rule 3 27 

36. Rule 3 is applicable 27 

37. Example 27 

Three-Level Sections vnth Two Warped Surfaces, the Width of the Road-Bed 
being Constant. 

38. Three-level sections 28 

39. Area of a three-level section 28 

40. Formula for the volume 29 

41. Three-level sections with two warped surfaces, the width of the 

road-bed being constant. — Rule 4 29 

42. Rule 4 29 

43. General applicability of Rule 4 29 

44. Example 31 

Three-Level Sections with Two Warped Surfaces, the Width of the Road-Bed 
being Constant, and with Plane Side Slopes of Equal Inclination. 

45. The grade prism 31 

46. Formula for the volume 32 

47. Rule 5 33 

48. The application of Rule 5 33 

49. Example 33 

Three-Level Sections with Plane Surfaces, the Width of the Road-Bed being 
Constant, and with Plane Side Slopes, of Equal or of Unequal Inclination. 

50. The plane surfaces 34 

51. Derivation of the formula 34 

52. Rule 6 ' 35 

53. Example 35 



CONTENTS vii 

Special Cases. 

Page 

54. Five-level sections, two levels above the edges of the road-bed, etc. 

— Rule 7 35 

55. Example 36 

56. Level sections. — Rules 8(a) and 8(6) . . 36 

57. Ditches 37 

58. When the side slope is afterwards flattened. — Rule 9 37 

59. Sidings.— Rules 10(o), 10(6) and 10(c) 38 



Borrow Pits and Grading. 

60. Description 39 

61. When the surface is composed of triangles. — Rule 11(a) ... 39 

62. When the surface is composed of quadrilaterals. — Rule 11(6) . . 40 



Railroad Side-HiU Work. 

63. The preceding methods are suflScient 40 

64. Triangular ends with a warped surface. — Rule 12 40 

65. Triangular ends with triangular plane surfaces. — Rule 13 . . . 40 

66. The necessary measurements 41 

67. Example . 42 



CHAPTER II. 

Appucation op the Average End Area Method when the Cross-Sections 
ARE Determined by Levels. 

68. Theory of the average end area method . . 45 

69. Continuous work . . . . 45 

70. Derivation of the general formula . . 46 

71. Definitions . 46 

- 72. The general rule for the average end area method. — Rule 14 46 

73. Rule 14 . . ... 47 

74. Example . . . . 47 

75. Example. Second method . . . .48 

76. Application to the general railroad cross-section 49 

77. The rule for the general railroad cross-section. — Rule 15 . . . 49 

78. Rule 15 49 

79. Rule 15 is applicable .... 49 

80. Example 50 

81. The area of the three-level section 50 

82. The rule for the three-level section. — Rule 16 50 

83. Rule 16 51 

84. Rule 16 is applicable 51 



vm CONTENTS 

Page 

85. Example 51 

86. The area of the three-level section, using the grade triangle ... 51 

87. The rule for the three-level section, using the grade prism. — 

Rule 17 62 

88. Rule 17 52 

89. The application of Rule 17 52 

90. Example 52 

91. The rule for five-level sections, two levels above the edges of the 

road-bed.— Rule 18 ... 52 

92. Example 53 

93. Rules for level sections. — Rules 19 (o)', 19(6) and 19(c) 53 

94. Rule when the side slope is afterwards flattened. — Rule 20 . . . 53 

95. Rulesforsidings.— Rules 21(o) and 21(6) 54 

96. Special rule for side-hill work, triangular end section. — Rule 22 54 

97. The area of the cross-section 54 



CHAPTER III. 

Prismoidal Correction when the Cross-Sections are Determined by 

Levels. 

98. The prismoidal correction 55 

99. Derivation of the correction for the general rule for the average end 

area method 56 

100. General rule for the prismoidal correction. — Rule 23 56 

101. Rule 23 56 

102. Example 56 

103. Derivation of the correction for the rule for the general railroad 

solid 57 

104. Correction for the rule for the general railroad solid. — Rule 24 . 57 

105. Rule 24 57 

106. Example 58 

107. Derivation of the correction for the rule for three-level sections 

with two warped surfaces, the width of the road-bed being con- 
stant 58 

108. Correction for the rule for three-level sections with two warped sur- 

faces, the width of the road-bed being constant. — Rule 25 . . . 59 

109. Rule 25 59 

110. Rule 25 is applicable 59 

111. Example 59 

112. Correction for the rule for five-level sections. — Rule 26 ... . 69 

113. Example 60 

114. Correction for level sections. — Rules 27(a), 27(6) and 27(c) . . 60 

115. Correction when the side slope is afterwards flattened. — Rule 28 61 

116. Correction for sidings. — Rules 29(a) and 29(6) 61 

117. Correction for the side-hill solid with triangular ends and a warped 

surface. — Rule 30 62 



CONTENTS ix 



CHAPTER IV. 

Application of the Average End Area Method when the Transverse 
SioPE OF THE Ground is Measured. 

Page 

118. Preliminary estimates of quantities 63 

119. Method of transverse slopes 64 

120. When the surface recedes from the road-bed 65 

121. When the surface is level 65 

122. The center in cut, the surface approaching the load-bed 66 

123. The center in fill, the surface approaching the road-bed 67 

124. Summary 68 

125. Example 1 68 

126. Example 2 69 

127. The position of the slope stake ... . 71 

128. Example 71 



CHAPTER V. 
The Correction for Curvature. 

129. The cross-sections 73 

130. The two methods of computing the correction for curvature .... 73 

The First Method. 

131. Three-level sections 74 

132. Special case. — When the cross-section of the surface is a single 

straight Hne ... .... 76 

133. Special case . "7 

134. Special case ... . . 77 

The Second Method. 

135. Three-level sections 77 

136. Special case. — When the cross-section of the surface is a single 

straight line 81 

81 

82 



137. Special case 

138. Special case 



CHAPTER VI. 
The Crockett Volume Slide Rule. 

139. Application 83 

140. Description 83 



X CONTENTS 

Application to Chapters I, 11 and III. 

Page 

141. The rules in Chapters I, II and III 85 

142. Use of scales A, B and E, and of A, B and P 85 

143. Selection of the setting 86 

144. When the expression contains the square of a factor 86 

145. The grade prism G 86 

146. Rule 19(c) 86 

147. Rule 27(c) 87 

148. Rules 9, 10(a), 28 and 29(a) 87 

149. Rules 20 and 21(a) 87 

150. Level sections 88 

151. Example for level sections 88 

Application to Chapter IV. 

152. When the transverse slope of the surface is measured, a single slope 

on each side of the center 89 

153. The position of the slope stake when a single transverse slope is 

measured on each side of the center 90 



Additional Applications. 

154. Proportion 90 

155. Continued products 90 

156. Correction for curvature. First method 90 

157. Correction for curvature. Second method 92 

APPENDICES. 

I. The hyperbolic paraboloid, and the general applicability of the 

prismoidal formula 93 

II. Approximate prismoidal correction in railroad work 98 

III. Summary 102 



METHODS FOR EARTHWOEK 
COMPUTATIONS. 



INTRODUCTION. 

1. Purpose of Chapter I. — It is generally admitted that, as a 
rule, the use of the so-called prismoidal formula leads to a value 
of a volume more accurate than that obtained by any other 
approximate method in common use, but the labor involved is 
so great that it is customary to use a less exact method, usually 
the method of average end areas. The calculation of the areas 
of the two ends, and the determination of the dimensions and 
then of the area of the mid-section, with the subsequent combina- 
tion of these to find the volume, indeed form a lengthy process, 
and the purpose of Chapter I is to explain a method by which 
the labor is greatly reduced. 

Rule 1 of that chapter formulates a statement by which the 
terms involved in the computation may be written directly from 
the notes, without any intermediate steps and without drawing 
any figure, the symbolized form of the rule enabling the computer 
to apply it without difficulty; and Arts. 24 and 25 explain in full 
its application to the complicated solid shown in Fig. 17. Other 
rules in the same chapter provide simpler methods for special 
cases, but Rule 1 is the fundamental rule, applicable to the 
general solid. 

The reader may test the general method, without preliminary 
preparation, by studying Arts. 16, 17, 18, 24 and 25, remember- 
ing that the problem was selected, not to demonstrate the ease 
with which the method can be used in some special case, but to 
explain the way in which the terms are formed in a solid that is 
by no means simple. 

1 



2 INTRODUCTION 

3. Chapter 11 contains a number of rules by which the com- 
puter can form in a systematic manner, directly from the notes, 
the terms that occur in the determination of a volume by the 
average end area method. Rule 14 being the general rule, appli- 
cable to any polygonal cross-section. 

3. Chapter III determines, in certain cases, the correction to 
be subtracted algebraically from the volume computed by th^ 
average end area method in order to find the volume as it would 
be given by the prismoidal formula, the quantities being taken 
directly from the notes. 

4. Chapter IV treats of the determination of the volume, by 
the average end area method, when the transverse slope of the 
surface is measured; and the resulting formulas are so systema- 
tized in Art. 124 that the volumes in side-hill work as well as in 
thorough work may be readily computed. 

5. Chapter V is devoted to the consideration of the correction 
for curvature in railroad work. 

6. Chapter VI describes the Crockett Volume Slide Rule, and 
explains the method of applying it to the determination of 
volumes. 

7. Approximate Results of Earthwork Determination. — For 

two reasons the computation of the volume of earthwork is, at 
its best, merely approximate: 

First. — The measurements, upon which the computation de- 
pends, are approximate and liable to error. Thus, when the 
measurements are made to the nearest tenth of a foot, any meas- 
urement is liable to an error of 0.05 foot; and the error, in the 
volume of a parallelopiped whose base is 14 X 100 feet and 
whose altitude may be in error by 0.05 foot, might be 70 cubic 
feet or 2.6 cubic yards. 

Second. — The formulas are based upon the assumption that 
the surfaces are either plane surfaces or hyperbolic paraboloids, 
— or upon yet cruder assumptions, — and in practice this cannot 
be other than approximately true. 

The degree of refinement to which the measurements should 
be made, the extent to which the computations should be carried 
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out, the cost of making the measurements and the computations, 
and the cost of the earthwork, are interdependent. Increased 
refinement in the measurements necessitates increased cost in 
securing them; the farther out the computations are carried, 
the more is the time required, and hence the greater the resulting 
expenditure; and the economy resulting from the increased accu- 
racy must more than compensate for the added cost in order 
that it may be justified. The computations should not be carried 
out farther than is warranted by the measurements; the meas- 
urements should not be more delicate than is necessary to give 
the proper degree of accuracy to the computations; and both 
depend upon the cost of the earthwork. 

Thus, in excavating rock at $1.00 per cubic yard, the measure- 
ments should be more carefully made and the computations 
carried out farther than would be the case in dealing with earth 
at 25 cents per cubic yard. On the other hand, it would not be 
profitable to pay the engineering corps $1.25 to gather additional 
information that would save only 4 cubic yards at 25 cents a 
yard. 

In railway work, it is customary to make measurements to the 
nearest tenth of a foot. Such measurements do not justify 
carrying the computations to beyond the nearest cubic yard; in 
fact, it seems that any method which gives the volume with an 
error not exceeding 1 in 400 or 1 in 600 is sufficiently accurate. 



CHAPTER I. 

APPLICATION OF THE PEISMOIDAL FORMULA WHEN THE 
CROSS-SECTIONS ARE DETERMINED BY LEVELS. 



8. The Prismoidal Formula. — It is shown in geometry that 
the volume of a solid, each end of which is a polygon, the end 
planes being parallel and the faces being either plane triangles or 
plane trapezoids, is given correctly by the prismoidal formula, 



-P = ^ £ U + ^' + 4 ^„) 



(1) 




Kg. 1. 



where A and A' are the areas of the two ends, Am is the area of 
the section cut by a plane parallel to the two ends and midway 
between them, and L is the perpendicular dis- 
tance between the two ends. 

Eq. (1) will also give correctly the volume 
of any solid satisfying the following conditions :* 

(a) The base AA'B'B shall be in a horizontal 
plane. 

(6) The sides AA'C'C and BB'D'D shaU be in 
vertical planes. 

(c) The ends ABDC and A'B'D'C shaU be 
in parallel vertical planes. 

(d) The top CDD'C shall be generated by 
a straight line moving along the lines CC and DD' and always 
parallel to the two end planes. 

Hence the volume between the horizontal plane EFF'E' (Fig. 2), 
and the surface f ABCC'B'A' will be given correctly by Eq. (1); 
so also will the volume between EFF'E' and ADCC'B'A'; and, 
since the subtraction of the latter from the former will give the 
volume ADCB-A'D'C'B', it follows that the prismoidal formula 
wiU give the volume of ADCB-A'D'C'B'. 

* See Appendix I. 

t The surfaces ABB' A', BB'C'C, ADD' A' and DD'C'C must satisfy the 
condition (d). 
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6 EARTHWORK COMPUTATIONS 

9. Description of the General Solid. — From Art. 8 we see 
that the prismoidal formula will give the correct volume of any- 
solid which satisfies the following con- 
ditions: 

/- |i (a) Both ends shall be wholly in 

1°' /i excavation, or both shall be wholly 
.1...-^- — fji — f-jfr in embankment. 

(6) The ends shall be in parallel 
// / / planes. The end section may be a 
point, a line, or any polygon bounded 
by straight lines. 

(c) The longitudinal edges shall be 
straight lines joining the vertices of 
the two ends. 

(d) Each longitudinal face shall 'be generated by a straight 
line moving along the two bounding longitudinal edges and 
always parallel to the planes of the ends. Hence the faces are 
either plane surfaces or portions of hyperbolic paraboloids. 

10. Determination of the End Sections. — The vertices of each 
end section may be located in different ways, the usual method 
being to measure the elevation of each vertex above ( + ), or its 
depression below ( — ), a given horizontal line, and its horizontal 
distance to the right ( + ), or left (— ), of a given vertical line, 
these lines being in the plane of the end in which the vertex lies. 

The horizontal lines need not be in the same horizontal plane, 
nor need the plane through the two vertical lines be at right 
angles to the end planes, but the length L of the solid must be 
the perpendicular distance between the end planes. 

11. Application to Practice. — In determining the volume of a 
solid whose surfaces differ from those described in Art. 9, it 
should be divided by parallel cross-sections into a number of 
shorter solids, each one of which should approximate as nearly 
as may be to the description of the general solid. 

12. Illustrative Solid. — A solid corresponding to these condi- 
tions is shown in Fig. 3, where ABCDEFGHIJK is one end, 
A'B'E'F'G'H'J'U the other, OX and OY the reference lines at 
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one end, and O'X' and O'Y' those at the other, the planes XOY 
and X'O'Y' of the ends being parallel. The surfaces L'AA', 
BB'C, CB'D, HH'I, and JJ'K are plane triangles ; and the others^ 
including the surface KJ'L'A, are hyperbolic paraboloids. 

The base plane OX-O'X' may be inclined to a horizontal 
plane, but the length of the solid must always be the perpendicidar 
distance between its ends. 

If vertical planes are passed through the longitudinal edges in 
Fig. 3, and if we consider the volumes above the plane OX-O'X', 




we see that the volume of the sohd is equal to the sum of the 
volumes below the six surfaces L'AA', AA'B'B, BB'C, CB'D, 
DB'E'E and EE'F'F diminished by the sum of the volumes 
below the five surfaces FF'G'G, GG'H'H, HH'I, IH'J'J and 
JJ'K, and increased by the volume below KPA, and decreased 
by that below J'PL'.* 

13. The Method of this Chapter consists in first applying the 
prismoidal formula to the solid shown in Fig. 4, then determining 
the modifications of the result in special cases, and finally apply- 
* See Art. 4 of Appendix I. 
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ing these results to the derivation of general formulas and the 
rules by which these formulas may be written. 

If the measurements are made in feet, the volumes will be in 
cubic feet, and the results must be divided by 27 to reduce them 
to cubic yards. 

14. The Prismoidal Formula Applied. — The General Case. — 

The ends being trapezoids, their areas are 

A = im{hi+ h^), A' = im' Qi^' + h/). 

The mid-section is a trapezoid, whose parallel vertical sides are 
i {hi + h^') and ^ (^2 + ^2)1 the horizon- 
tal distance between them being J {m+m') ; 
hence its area is 

A _ 1 m + m' /hi + h/ .h, + h,'\ 

Am - * —^ [—Y" + "^^^j 

= 4 (m + m'){hi + h^+ A/ + h/). 

Therefore the volume by the prismoidal 
formula is, in cubic feet, 

P = iL[im{hi+h,) +i m'ih/ + h^') 
+ iim + m'){hi +K + hi' + h/)]. 




Kg. 4. 



JP = i i [(3 ft-i -h hi') m+ {2 hi' + hi) m' 
+ {2h^ + h^') m -h (2 h/ + h^) m'] 



(2) 



The quantity in the brackets in Eq. (2) may be written by 
using the rule: — For each longitudinal top edge: At each end, 
multiply twice the height at that end -\- the height at the other end 
of the edge by the horizontal width at the first end; and add the four 
results. 



Note 1. — Eq. (2) may be written 

P = ^L [(hi + h^) (2 m + m') . + (.h/ + \>) (2 m'.+ m)], 

and the quantity in the brackets is given by the rule:— At each end, multiply 
th£ sum of the heights at that end by twice the width at that end + the width at the 
other end; and add the two residts. 
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Note 2. — If a vertex in one end-section, as 4, is below the line OX (Fig. 5), 
the distance aA must be considered negative. Eq. (2) will then give the 
difference between the volume above CDa'b'b and that below aDC, negative 
when the latter exceeds the former. Hence, in finding the volume of a solid, 
it will be simpler if both the lines OX and O'X' are above the end sections, 
or both below, so that both ends may be wholly in excavation, or both 
wholly in embankment. 

Note 3.— If the point B' is to the left of A' (Fig. 6), so that the edges 
AA' and BB', as seen from above, appear to cross each other at P, the dis- 





Fig. 6. 



Kg. 6. 



tance m' must be considered negative. Eq. (2) then gives the difference be- 
tween the volumes above aP^ b and a'P^ b', negative when the latter exceeds 
the former.* 

Fig. 4 will assume diflferent forms according to the values 
assigned to m, h^, h^ and m', A/, h^, but Eq. (2) will in each 
case give the volume correctly. Some of these special cases are 
considered in the next article. 

15. The Prismoldal Formula Applied. — Special Cases. — We 

shall consider six cases. 

(1) The top a plane or a warped surface t, and both end sections 
right triangles, Figs. 7 and 8. In Fig. 7, /i, = h, h^ = 0, A/ = 
h', h^' = 0, and hence by Eq. (2) or by the rule, 

P = ^ L\i2h + h') m + (:2.h' ^- h) m'] . . . (3) 

* If an insect on top of the surface APB moves along the surface imtil it 
is near B'A', it will be below B'PA'. 
t Hyperbolic paraboloid. 
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In Fig. 8, ^1 = 0, ^2 = h, h^ = h', h/ = 0, and hence 

P = -^L {h'm + 2 h'm' + 2hm + hm') 
= tV -^ [(2 A + h') m + {2h' +h) m'] . . 



(3) 



Kfli 




Aj-o 



hfO 




Wo 



Fig. 8. 



(2) The top a warped surface,* one end a triangle and the other 
a vertical line, Fig. 9. 

P = iTiL{2h + h')m (4) 

(3) The top a plane surface, one end a trapezoid, and the other a 



7)t4o 





Fig. 9. 



vertical line (a wedge or a truncated vertical triangular prism), 
Fig. 10. 

P = r\L [(2 h, + h,') m+ {2h^ + h^') m] . . (5) 
= xV L{2m Qi, + h, + h/)] 



^ 3 



(6) 



But the area of the base ABA' is i Lm, so that from Eq. (6) the 
volume of a truncated triangular prism is 

P = area of base X \ the sum of the vertical edges. 

* Hyperbolic paraboloid. 
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(4) The top a plane surface, one end a trapezoid, and the other a 
poirU, Fig. 11. 



P = T^L(2h{m + 2 h^m) . . 
= iLm^-i^^. SeeEq. (6). 



(7) 



ftp7ij=»»=o 




F^. a. 



hfh 




(5) The top a plane surface, one end a right triangle, and the 
other a vertical line. Fig. 12. 



P = ^'^L[{2h +h/)m + h/m] 
= -^LiT-h + 2h')m 

= iLm A-±A' . See Eq. (6). 



(6) The top a plane surface, both end 
sections right triangles. Fig. 13. In this 
case the angle is the same at the two 
ends. From Eq. (2), 

P ^ ^ L[{2h + h') m + (2h' + h) m'] ft,=A 
= -^ L (2 fern + h'm + 2 h'm' + hmT). 



But — - = — , so that h'm = hm', and therefore 

m m 



(8) 




ft,=o 



or 



P = ~^L[2(h + h')m + 2 h'm'] (9) . 

P = ^ L[2 hm + 2 Qi' + h) m'] (10) 



THE GENEIRAL RULE. 

16. Definitions. — If we place a pencil-point at A" on the 
edge AA' in Fig. 3, and then move the pencil clockwise around 
the solid (from A" to B" to C" to D" and so on), it wiU come in 
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succession to the edges A A', BB', CB', DB', . . . I H', J J', 
KJ', AU. Of any three consecutive edges AA', BB', CB', we 
shall call BB' the middle edge, CB' the forward edge, and A A' 
the back edge. 

We shall show that, in the expression for the volume of the 
solid shown in Fig. 3, the terms involving the heights at the ends 
of any longitudinal edge may be written, in each of the four 
possible cases, by' the use of the following rule: 

17. The General Rule for Prlsmoidal Volumes. Rule 1. — 

For each longitudinal edge : At each end, to twice the height at 
that end add the height at the other end, and multiply the sum by 
the horizontal distance between the back and forward edges at the 
first end {negative when that end of the forward edge is to the left of 
the corresponding end of the back edge), and multiply the product 
by the length of the solid -^ 12. Add the results algebraically. 

The sign of the term may be obtained by subtracting, alge- 
braically, the horizontal distance from the vertical line OY (or 
O'Y') to the height at the end of the back edge from the hori- 
zontal distance to the height at the corresponding end of the 
forward edge, distances to the right of OY (or O'Y') being con- 
sidered positive, and those to the left negative. 

Note that, corresponding to each edge, there are two terms, 
one of which may equal zero. If an edge lies in the base plane 
OX-O'X', the height at each end will be zero, and both the 
corresponding terms will be equal to zero. 

If h and h' are the heights at the ends of any longitudinal 
edge, and bfe and bfe' the horizontal distances between the back 
and forward edges at the two ends respectively. Rule 1 may be 
symbolized as follows: 

18. Rule 1. The General Solid. — Clockwise, for each edge, 

^L{2h + h') bfe (- when / is left of 6) , 

^L {2h' + h) bfe' (- when /' is left of 6')- 

19. Case 1. — In Fig. 14, which shows three adjacent edges 
AA', BB' and CC of a surface,* the volume consists of two parts, 

* In Figs. 14, 15 and 16, the ends are in parallel planes. 
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that above abb'a', and that above bcc'b'. By Eq. (2) we have 
for the total volume, 

P = T^ L {(2 /ij + h^') m, + (2 h,' + h^) m/ + (2 A, + h/) m, 
+ (2 h/ + h^) m/] 
+ T^f L [(2 fe, + A3') m^ + (2 h/ + h^) m/ + (2h, + h,')m^ 

+ (2 h^' + h^) m/] 
= -^ L [(2 A, + h^') mi + (2 h/ + h^) to/] 
+ 3^£ [(3 7tj + /*/) (mj + Mij) + (2 A/ + h^) (m/ + »»/)] 
+ tV ^ [(2 K + K) ^2 + (2 K' + h^) m,'], 

so that the terms containing the heights h^ and h/ at the ends of 
the middle longitudinal edge are 

xV L(2h^ + h^') (toi + mj) and ^L(,2 h^' + h^) (to/ + to/) 

in accordance with Rule 1. 

20. Case 3. — In finding the volume ABCDE-A'B'C'D'E' 
(Fig. 15), we would find the volume under the surface 
ABCC'B'A' and from it subtract the volume under EDCC'D'E'. 





Kg. 14. 



Kg. 15. 



Considering only the three edges BB', CC and DD', of which 
CC is the middle edge, we have for the volume under BCC'B', 
by Eq. (2), 

tVI- [(2 fei + K') be +{2 V+ K) V? + (2 A3 + A/) Fc 
+ (2 A/ + h,) b'c'l 

and for that under DCC'D', 

j\L[{2hi + AjOrfc +(2/13^- h^d/c' + {2h^ + h^')dc 
+ (2 A/ + h^) ~d'c'\ 
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Subtracting the latter from the former, we have 

^ L [(2 h, + h/) Fc + (2 h^' + h^) bV] 
+ ^Z[{2h, + V) (fic-Wc) + (3 V + ^J (^^ - ^] 
- ^^L [(2 h^ + h/) dc + {2 h/ + h^) dV], 

BO that the terms in the required volume that contain the middle 
heights ^2 3.nd h/ are 

tJj L(2h^ + h^') 65 and - tV ^ (2 K' + K) d¥. 

These terms may be found by Rule 1, the result being positive 
when the forward height is to the right of the back height (as in 
the end BCD), and negative when the forward height is to the 
left of the back height (as in the end B'C'D'). 

31. Case 3. — If, in Fig.' 14, ABCC'B'A' is the lower surface 
of a solid, the volume below this surface should be subtracted 
from the volume below the upper surface of the solid. But the 
hne AA' will now be the forward edge, and CC the back edge, 
the forward edge being to the left of the back edge; so that, if 
we give the terms the positive sign when the forward height is 
^, to the right of the back height, and 

»B the negative when it is to the left, the 
terms will have their proper signs for 
algebraic addition. 

33. Case 4. —The peculiarity in 
Fig. 16 is the presence of the warped 
surface KJ'L'A. 

The volume IJKAB-H'J'L'A'B' 
equals that below the surf aces 5AA'J5', 
AA'U and AKP, diminished by that 
below IJJ'H', JJ'K and L'PJ'. Con- 
sidering only the surfaces of which either AL' or KJ' is a border 
line, we find by Eq. (2) that the volume below AA'U is 

tV L [(2 hi' + h,) ZV + (2 h,' + h^) V^']; 

and the volume below JJ'K is 

^^ L [(2 A, + h.D ¥i + {2h^ + h/) kj]; 









^% J/ "' 


J 


/ y/- — * — B 


K,^ 


^^^*^^^^-^ \ 1 


k 


a j 




Fig. 16. 
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and the volume below AKP diminished by that below L'PJ' is * 
-[»5 L [(2 h^ + h.') fc^ + (2 h^' ^h^){- Vf) +{2h,+ h^') U 

Subtracting the second from the sum of the first and third, we 
have 

xV L (2 K' + h,)l^' - ^L (2 h,_ + h^') kj 

+ ^i[(3 /»3 + /I,') {hd-hj) + (3 /J,/ + A3) (- Vj')-\ 

+ ,^i[(3 /»! + /*/) &a + (3 /*/ + h^ {Vh' - W)\ 

so that the terms corresponding to KJ' as the middle edge are 

- tIj L (2 /I3 + h^') ITj and - ^L{2 h^' + h^ Vf, 

and those corresponding to AL' as the middle edge are 

xV L (2 ;ii + hi') ka and yV ■Z' (2 h^' + h^) fa/, 

which maj' be found by Rule 1, the resulting term being given 
the negative sign when the forward height is to the left of the 
back height. 

23. In each of the Four Cases, therefore, the terms correspond- 
ing to each longitudinal edge 
are given by the General. Rule, — 
Rule 1, — and therefore this 
rule will determine the volume 
of any sohd that satisfies the 
conditions specified in Art. 9. 



34. Example. — In Fig. 17, 
let ABCDEE'D'C'A' be the 
original surface of the ground, 
and AHGFEE'F'G'A' the sur- 
face after the volume 

ABCDEFGH-A'C'D'E'F'G' 




■I— — -f — X 



Fig. 17. 



has been removed. We wish to determine the number of cubic 
yards in this volume. 

* See Note 3 in Art. 14. 
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Let us assume that the solid is 60 feet long, and that the notes 
for the original surface are 



A' C D' E' 

A'C'D'E 



rn'n'W' 10 40 58 74 



+ 50 


+ 60 


+ 52 


+ 55 


3 40 


1 
60 


I 
80 


1 
90 



ABCDE ^^Q ^^Q ^g^ _^^Q ^3g 
A B C D E 
and those for the new surface are 



A'G'F'E' 
AHGFE 



A' G' F' E' 

10 30 45 74 



+ 50 +35 +30 +55 

I y \ \ \ 

20 30 50 70 90 

+ 30 +10 +18 +20 +35 
AHGFE 



where the horizontal distances from the lines OY and O'Y' re- 
spectively are in the numerators, and the vertical distances above 
( + ) the lines OX and O'X' respectively are in the denominators 
of the fractional expressions, and the slanting hues indicate the 
longitudinal surface edges of the solid. 

To avoid the necessity of drawing the figure, arrange these 
notes * so that the points shall be given in clockwise order, as 
shown by the arrowheads in Fig. 17, repeating the first two 
edges : 

A' C D' E' F' G' A' 

10 40 58 74 45 30 10 



+ 50 +60 +52 +55 +30 +35 +50 

.••• \ I I I I / \ / 

20 40 60 80 90 70 50 30 20 40 

+ 30 +40 +34 +50 +35 +20 +18 +10 +30 +40 

ABCDEFGHAB 

where the dotted lines are duplicates of others, and are inserted 
only for convenience in forming the terms. 

* The original notes may be used without rearranging, after the method is 
understood. 
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Then the terms, in the formula for the volume, corresponding 
to each longitudinal edge, are found by Rule 1 as follows, the 
factor -^ L, OT ^ X 60, being the same for all the terms: 

Place a pencil-point on the line BA' (in the notes) ; then, start- 
ing with the end B, twice the height at that end + the height 
at the other end = 2 ^i + /i' = 2 X 40 + 50 = 130; the forward 
edge is CC and the back edge is AA', so that bfe is the horizontal 
distance from A to C = 60 — 20 = 40; hence the term is 

A X 60 X 130 X 40. 

At the end A', twice the height at that end + the height at the 
other end = 2 /i' -h A = 2 X 50 + 40 = 140; bfe', at this end, is 
the horizontal distance from A' to C = 40 — 10 = 30; hence the 
term is 

-i>j X 60 X 140 X 30. 

As another illustration, place the pencil-point on GG'; starting 
at the end G, twice the height at that end + the height at the 
other end = 2 ?i + /i' = 2 X 18 + 35 = 71; bfe, at this end, is 
the horizontal distance between F and i? = 70 — 30 = 40, 
which should be given the negative sign since H is to the left of F;* 
hence the term is 

tJj X 60 X 71 X (- 40). 

At the end G'] twice the height + the height at the other end 
= 2 /i' + /i = 2 X 35 + 18 = 88; bfe' at this end is the distance 
between F' and G' (since the adjacent edges are FF' and HG') 
= 45 — 30 = 15, which should be negative since G' is to the 
left of F'; hence the term is 

tV X 60 X 88 X (- 15). 

The terms, in the volume, corresponding to each longitudinal 
edge, are found in a similar manner, with the following results, 
after dividing by 27 to reduce to cubic yards: 

* Shown in the notes by the fact that 30 < 70. 
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Edge. 




Terms. 


+ VoIs. 


-Vols. 


BA' 


jk X 60 X 130 X 40 


962|f 






tc 


X 140 X 30* 


777H 




CC 


(t 


X 128 X 40 


948^ 






tt 


X 154 X 48 


13681^ 




DD' 


l( 


X 152 X 30 


844i? 






(( 


X 154 X 34 


969if 




EE' 


tt 


X 125 X (- 10)t 




23Hf 




tt 


X 145 X (- 13)t 




3493^^ 


FF' 


(( 


X 70 X (- 40)t 




518H 




t( 


X 80 X (- 44)t 




651 If 


GG' 


tt 


X 71 X (- 40)t 




525§^ 




tt 


X 88 X (- 15)t 




244Jf 


HG' 


tt 


X 55 X (- 30)t 




305H 




tt 


X 80 X (- 20)t 




296A 


AA' 


It 


X 110 X 10 


203^f 






It 


X 130 X (- 20)t 




481H 






Totals = 


6075M 
3604if 


3604^?^ 



Volume = 2470|f cu. yds. 

Since the factor ^^ is common to all the terms, it would evi- 
dently be easier, if the volume were to be determined by the 
methods of arithmetic, to form the algebraic sum of the products 
of the other two factors, and then multiply this sum by -i^^. 
But by the use of the Crockett Volume Slide Rule the value of 
the expressions 

5^5 L{2h + h') bfe and ^^ L{2h' + h) bfe' 

may be determined mechanically, and hence the author has 
adopted the arrangement in the text. 

35. Example. Second Method. — The volume may also be 
found by first computing the volume between the plane OX-O'X' 
and the upper surface, bounded by the vertical ends and by the 

* The back edge is AA', so that hfe' = 40 - 10. 

t The end of the forward edge is to the left of the corresponding end of the 
back edge. 

% The forward edge is HG', so that hfe' = 30 - 45. 
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vertical planes A^AA'A/ and E^EE'E/; subsequently comput- 
ing the volume between OX-O'X' and the new surface, limited 
in the same way; and sub- 
tracting the second result 
from the first. Each of 
these solids will have two 
edges, A^A^ and E^E^', 
in OX-O'X'; hence, prefix 
and affix to the notes new 
fractions in which the de- 
nominators shall be zero and 
the numerators shall be the 
horizontal distances to Ai 
and A I and to B, and E/. 
Hence, for the first solid, Kg. 17a. 




— V 



A'C'iyE' 



ABODE 



A,' 


A' 




C 


D' 


E' 


E/ 


10 


10 




40 


58 


74 


74 





+ 50 


+60 


+ 52 


+55 





1 


/ 


\ 


1 


1 


1 


1 


20 


20 


40 


60 


80 


90 


90 





+30 


+40 


+34 


+ 50 


+35 





A, 


A 


B 


C 


D 


E 


E, 



and for the second solid, 



A'G'F'E' — 



A/ 

10 





AHGFE ^ 



20 




A^ 



A' 

10 

+50 

I 
20 

+30 

A 



G' 

30 
+35 
/ \ 

30_ _50^ 

+ 18 

G 



+ 10 
H 



F' 

45 
+ 30 

I 
70 

+20 
' F 



E' 

74 

+55 

I 
90 

+35 
E 



74 



I 

90 



E, 



When an edge lies in the plane OX-O'X', both its h and its h' 
are zero, so that the terms corresponding to that edge are zero, 
and therefore should be neglected. Hence, 
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For the upper surface: 
Edge. Terms. 

AA' ^5 X 110 X 20 

" X 130 X 
BA' " X 130 X 40 

" X 140 X 30 
CC " X 128 X 40 

" X 154 X 48 
DD' " X 152 X 30 

" X 154 X 34 
EE' " X 125 X 10 

" X 145 X 16 
Total = 

Net volume = 



Vols. 


Foi 

Edge. 


•th( 


407if 


AA' 


TftP 









962M 


HG' 




777M 






948^ 


GG' 




1368ft 






844if 


FF' 




969if 






23Hf 


EE' 




429^f 
6940i& 







Terms. 
X 110 X 10 
X 130 X 20 
55 X 30 
80 X 20 
71 X 40 
88 X 15 
70 X 40 
80 X 44 
X 125 X 20 
X 145 X 29 
Total = 



Vols. 
203if 
481 M 
305H 
296/^ 
525ff 
244Jf 

518H 
6511^ 
462|f 
778^ 
4469if 



cu. yds. 



26. Modiflcations of the General Rule. — Special forms of 
Rule 1 may be obtained for different cases, and we shall con- 
sider a few that are of practical value. Whenever the surface 
contains overhanging cliffs, Rule 1 should be used. 

THE GENERAL RAILROAD SOLID RULE. 

37. Railroad Cross-Sections. — Fig. 18 represents a railroad 
cross-section in an excavation, or cut, and Fig. 19 represents 
another in an embankment, or fill. Since Fig. 18 when inverted 
is essentially the same as Fig. 19, it is evident that formulas 




derived for the volume of an excavation are the same as those 
for an embankment. 

In each figure, the horizontal fine LR is the road-bed with 
width w (greater in- a cut than in a fill, to allow for ditches) ; Cj is 
the center of the road-bed ; LA and RB are the side slopes, usually 
making the same angle ALH = BRG with the road-bed, this 
angle being dependent upon the nature of the earth through 
which the cut passes, or of which the embankment is made; and 
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ACB is the surface of the ground, A and B being the points where 
the side slopes intersect the surface. 

The surface ACB is located by the heights of the three points 
A, C and B (and of as many other points as may be deemed 
necessary) above * the line HG, and by their horizontal distances 
to the right or left of the vertical Une C^C through the center C^ 
of the road-bed LR. 

It is customary to write all the measurements for one section 
in the same horizontal line, the values for the left point A being 
at the left of the line, and the others being given in order towards 
the right. To save space, the measurements are written in a 
fractional form, the horizontal distance of the point from the 
center line Cfi being in the numerator, and its elevation above 
(or depression below) the road-bed LR in the denominator, a 
positive sign being prefixed for an elevation, and a negative for 
a depression.! On the left of the records there should be a 
column containing the numbers of the stations and other points 
where sections are taken, commencing at the bottom of the page 
and reading up, so that there 
maybe no danger of confusion 
as to the right or left of the 
line. The engineer should 
also draw lines, in the notes, 
joining the points in adjacent 
cross-sections, to indicate the 
fines which in his judgment fie 
in the surface of the ground. 

38. The Railroad Solid, or 

Prismoid as it is called, ifius- ^is- 2». 

trated in Fig. 20 for an exca- 
vation, is a special case of the general solid, and its volume may 
always be found by Rule 1, the plane of the road-bed PQQ'P' 
corresponding to the plane OX-O'X' in Fig. 3; but Rule 2 is 
more easily applied. 
Let us caU the edges AA' and BB', in which the side slopes 




* Below, for embankments. _ . 

t The fraction may be written in the inverse form,— elevations m the 
numerators, and horizontal distances in the denominators. 
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PAA'P' and QBB'Q' intersect the surface, the extreme edges 

of the surface ADCEBB'C'D'A'. 
The terms, in the expression for the volume, corresponding 

to any longitudinal edge other than the extreme edges, are the 

same as those for any edge in the general solid. 

Since the edge QQ' (Fig. 20) is in 
the plane PQQ'P',' the, height at each 
end is zero, and therefore the corre- 
sponding terms, in the formula for 
the volume, are each zero. That is, 
if an edge lies in the reference plane, 
the terms corresponding to it, being 
zero, need not be written. 

The terms, in the expression for 
the volume, corresponding to the 
extreme edge BB' (Fig. 21), are, by 
Rule 1, 

•hL{2h + hi')NQ and - ^ L{2h/ + hs)Q'N', 
or ^\L{2h + h/){C,Q-C,N) 

and • +^^^L{2h'+h,){C/Q'-C,'N'), 

or .^L (2 hs + h/) iiw- C,N) and + t^ij L (2 h/ + h) (^ w' - C^N') . 
These results may be written by the use of Rule 2. 

29. The General Railroad Rule. Rule 3. — (a) Fm each longitudi- 
nal edge, except the extreme edges: At each end, to twice the height at 
that end add the height at the other end, and multiply the sum by the 
horizontal distance between the adjacent longitudinal edges at the first 
end, and multiply the product by the length of the solid -i- 12. 

(6) For each extreme edge: At each end, to twice the height at 
that end add the height at the other end, and multiply the sum by 
the value, at that end, of \w* — the horizontal distance f from the 
center to the adjacent edge, and multiply the product by the length 
of the solid -^ 12. 

(c) Add algebraically the results found by (a) and (&). 

* J 10 is the horizontal distance, at the first end, from the center to that 
edge of the road-bed which is nearer the extreme edge. 

t If the end of the adjacent edge is on the opposite side of the center line 
CjC,' from the corresponding end of the extreme edge, this distance must be 
considered negative. 
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Using the notation given in Appendix III, Rule 2 may be 
symbolized as follows: 

30. Rule 3. The General Railroad Solid. 
For each edge, except the extreme edges, 

^ i (3 ft + fe') hfe, 
^L{2h + h) bfe'. 
For each extreme edge, 

i i (2 ft, + /»,') (I tv - ca'e) ( - when cae >\w), 
^ i (3 h,' + h,) (I w' - cae') (-when cae' >\w'). 

31. Applicability of Rule 3. — This rule will give the volume, 
if there are no overhanging cliffs, not only of the railroad solid, 
but also of any solid satisfying the conditions of Art. 9, pro- 
vided that one face lies in the reference plane. 

If there are overhanging cliffs, use Rule 1, which differs from 
Rule 2 in that it takes into consideration the sign of the term 
when the forward height is to the left of the back height. 

Rule 2 is applicable when C^P, Cfi, C/P' and C/Q'(Fig. 20) are 
four unequal distances; the slopes of the surfaces 5QQ'B' and .4PP'/1' 
may be unequal, and, moreover, these surfaces may be warped, so 
that the slopes of QB and Q'B', as well as those of PA and P'A', 
may be unequal. The straight line CC does not necessarily lie 
in the surface, and hence it may not be a longitudinal edge. 

33. Example. — Assuming that the length of the solid shown 
in Fig. 20 is 40 feet, the width of the road-bed PQ = 14 feet and 
P'Q' = 20 feet, let the notes be, 

A' D' C B' 

A'D'C'B' -^ -^ -^ -^ (Aw' =10) 

+ 15 +20 +18 +10 ^^ ^ 

I / I I / N 

ADCEB -^ -^ -^ -^ -^ iiw=7) 
+ 10 +16 +17 +18 +15 ^^ ' 

ADCEB 

Then the terms corresponding to any edge other than an 
extreme edge, say DD', are found as follows (note that L = 40) : 

Place a pencil-point on the edge DD' (in the notes); then, 
starting with the end D, twice the height at that end + the height 
at the other end = 2 X 16 + 20 = 52; the adjacent edges are 
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AD' and CC, so that hfe is the horizontal distance between A 
and C = 17 — = 17; hence the term is 

T^j X 40 X 52 X 17. 
At the end D', twice the height at that end + the height at the 
other end =2x20 + 16 = 56; hfe' is the horizontal distance 
between D' and C" = 18 — = 18; hence the term is 
tJj X 40 X 56 X 18. 
The terms corresponding to an extreme edge, say BB', are 
found as follows: Starting at the end B, twice the height at 
that end + the height at the other end = 2 X 15 + 10 = 40; 
the adjacent edge is EB', so that cae is the horizontal distance 
from C to E = 5, and ^ w = 7, and hence ^w — cae = 7 — b = 2; 
therefore the term is 

T^^ X 40 X 40 X 2. 
At the end B', twice the height at that end + the height at the 
other end = 2 X 10 + 15 = 35; cae' is the horizontal distance 
from C" to B' = 20, and ^w' = 10, and hence ^w' — cae' = 
10 — 20 = — 10; therefore the term is 

T^j X 40 X 35 X ( - 10). 
The terms corresponding to each edge, with the resulting 
partial volumes, after dividing by 27 to reduce to cubic yards, 
are as follows: 

Terms, 
sij X 40 X 40 X 11* 
X 50 X 7t 
X 52 X 17 
X 56 X 18 
X 52 X 11 
X 53 X 38 
X 46 X 22 
X 38 X 20 
X 35 X (- 
X 40 X (- 
X 40 X ( + 
X 35 X (- 10)§ 
Totals 



Edge. 

Aiy 

DD' 
CC 
EB' 
AA' 
BB' 



10)t 

m 

2)§ 



+Vols. 

5m 

43H 
109il 
124|f 

70f^ 
248|f 
124H 

mi 



m 



-Vols. 



125|f 



43H 
39|i 

43H 
125H 



Volume = 753^ cu. yds. 

* Between A and D since AA' is the back edge. 
t Between A' and D' since DD' is the forward edge. 
J AD' is the adjacent edge; i w = 7, iw' = 10. 
§ EB' is the adjacent edge; iw = 7, iw' = 10. 
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THE RAILROAD SOLID WITH ONLY TRIANGULAR 
SURFACES AND PLANE SIDE SLOPES. 

33. Mathematical Foundation of Rule 3. — Let Fig. 22 be the 
horizontal projection of the surface to the left of the center 
line Cfii in Fig. 23, AA' being the extreme edge, and let the 
heights at the several vertices be represented by the correspond- 





Fig. 22. 



Fig. 23. 



ing small letters. Then the volume below any one of the trian- 
gular surfaces is given by Eq. (6), Art. 15. 

(1) Consider any height except the extreme heights (at A and 
A'). — The height /' at F' is common to the four truncated prisms 
E'F'A, AF'F, FF'C and CF'C; and the terms, in the expression 
for the volume, that contain f are, by Eq. (6), 

if'.iL ix,' + x, + x, + x/) = i Lf [{x,' + X,') + {x, + x^)l 

which are given by the rule: — For each height, except the extreme 
heights: Multiply the height by the horizontal distance between the 
adjacent heights (not edges) in its own end, and by the greatest 
horizontal distance at the other end between the longitudinal edges 
(if more than one) passing through the height; and multiply the 
sum of these products by the length of the solid -i- 6. 

If we consider the height / at F, the corresponding terms are 

if.iL{x, + x,) = iLf{x^ + x,), 

which would be given by the same rule. 
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(2) Consider the extreme heights. — The height o at A is common 
to the truncated prisms A' AD', D'AE', E'AF' and F'AF, and 
the corresponding terms in the expression for the volume are 

J a . ^ L (Xj + a;/ + a;/ + x^) = i La [x^ + (a;/+ a;/ + x/)]. 

The height a' at A' is'in one prism A'AD', and the corresponding 
term is 

ia' -i Lx/ = I La'x/. 

The volume under the plane side slope, which must be sub- 
tracted from the volume below the surface ACC'A', is found by 
Eq. (10), where h = a, h' = a', m = I — ^ w, and mf = I' — ^ w'. 
This volume is 

i L [a(l -iw) + {a + a') {I' - ^ w')], 

or i La [Q -^w) + (I' -^ w')] + i La' Q' - i w'). 

Combining these results, the terms corresponding to a and a' are 

iLaliw - {l-x^) +iw' - {I' - x( - x^ - a;,')] 

and iLa'iiv/ - {V - a;/)], 

or lLa{^w -CF + ^w' - C'F') and i La' (^ w' - CD'), 

which are given by the rule: — For each extreme height: Mul- 
tiply the height by one half the width of the road-bed at its end — 
the distance out from the center to the adjacent height at the sama 
end; and, if another edge passes through the height, multiply the 
height by one half the width of the road-bed at the other end — the 
distance out, at this other end, from the center to the edge through 
the height and farthest from the extreme edge; and multiply the sum 
of these products by the length of the solid -?- 6. 

(3) To adapt the formulas to the slide rule, the height is 
multiphed by 2 and the result by iV L instead of ^ L, thus leading 
to Rule 3. 

34. The Railroad Solid with only Triangular Surfaces and Plane 
Side Slopes. Rule 3. — (a) For each height, except the extreme 
side heights: Multiply tvnce the height by the horizontal distance 
between the adjacent heights in its own end, and by the greatest hori- 
zontal distance at the other end between the longitudinal edges {if 
more than one) passing through the height; and multiply the sum 
of these products by the length of the solid h- 12. 
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(6) For each extreme height: Multiply twice the height by 
one half the width of the road-bed at its end * — the distance out f 
from the center to the adjacent height at the same end, and {if another 
edge passes through the height) by one half the width of the road- 
bed at the other end % — the distance out, ■\ at this other end, from the 
center to the edge through the height and farthest from the extreme edge; 
and multiply the sum of these products by the length of the solid -^ 12. 

(c) Add algebraically the results found by (a) and (6). 

Using the notation given in Appendix III, Rule 3 may be 
symbolized as follows: 

35. Rule 3. The Railroad Solid with Triangular Surfaces and 
Plane Side Slopes. 

For each height, except the extreme heights, 

^ i (3 fe) {dah + dd'). 
For each extreme height, 

^Z{2h,) [(Iw - cah) + (!«€/- c/e')§]. 

36. Rule 3 is Applicable when the distances C^P, C^Q, C^'P' 
and Ci'Q' (Fig. 20) are four unequal quantities; the slopes of the 
plane surfaces BQQ'B' and APP'A' may be unequal; and the 
line CC may or may not be a longitudinal surface edge. 

37. Example. — In Figs. 22 and 23, let the length be 40 feet, 
the width of the road-bed at each end 20 feet, and the notes as 
follows: ^/ J), ^, p, Q, 

30 16 8 4 



+ 20 +28 +24 +16 +20 



A'D'E'F'C 



AFC 



* On that side of the center Hne C^C/. 

t This distance out is negative if it and the extreme height are on oppo- 
site sides of the center of the road-bed. 

t On that side of the center hne Cfi^', but at the other end. 

§ This parenthesis' is omitted wheii no edge other than the extreme edge 
passes through hs. 
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Then the expressions corresponding to each height, with the 
resulting volumes, after dividing by 27 to reduce to cubic yards. 



are: 



Point. 
F 
C 

c 

F' 

E' 

D' 

A 

A' 



rh 



7?5 



Terms. 

X 40X48X(18 + 0) 
X32X(12 + 4) 
" X40x(4 + 0) 






(( 



X tux.(t -t- u) 

X32X(8 + 18) 

X 48X(12 + 0) 

X 56X(22 + 0) 

X 16 X (10* -12 + lot -4) 

X40X(10t - 16) 

Totals = 



+ Vols. 

106M 
63^1 

102M 

71#T 

152/t 
71! 



Volume = 4931^^ cii. yds 



523|f 

mi 



Vols. 



2911 

2m 



THREE-LEVEL SECTIONS WITH TWO WARPED SURFACES, 
THE WIDTH OF THE ROAD-BED BEING CONSTANT. 

38. Three-Level Sections. — A three-level section is one in 
which the cross-section of the surface is determined by three 

points, — A and B, where the side 
slopes intersect the surface, and C 
vertically above the center of the 
road-bed. 

39. Area of a Three-Level Sec- 
tion. — In Fig. 25, the cross-section 
PACBQ is composed of the four 
triangles AC,P, BC,Q, ACfi and 
BCjC, and its area is 

ia| +ib1+icl+icr, 




or 



w 



Similarly, the area of the other end (Fig. 24) is 
i (a' + &') I + i c'(Z' + r'), 

* One half width of the road-bed in the end AFC. 

t One half width of the road-bed in the end A'D'E'F'C. 
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and the area of the mid-section (Fig. 26) is 



i (a + a' +_b_+^b') ^ + ^ {c + c') {I + I' + r + r'). 
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\t ^l+l ' — #l< r+r^ — *J 

! a J-^ ~T I 




TSvg. 2S. 



Tig. 26. 



40. Formula for the Volume. — Substituting these expressions 
for the areas in Eq. (1), we have, for the volume, 



. w 



P = i L [i (a + 6) I + i c (Z + r) + i (a' + 6') I + i C (Z'+ r') 



+ {a + a' + b + b') '^ + i (c + c') {I + I' + r + r')] 

= i L (a + & + a' + 6') | + ^J^ L (2 c + c') (Z + r) 
+ tJj L (2 c' + c) y + r'), 
which will be given by Rule 4. 

41. Three-Level Sections with Two Warped Surfaces, the Width 
of the Road-Bed being Constant. Rule 4. — (o) Multiply the 
sum of the four side heights by ^ w and the product by J L. 

(jb) At each end, to twice the center height at that end add the 
center height at the other end, and multiply the sum by the sum of 
the distances out to the side heights at the first end, and multiply 
the product by tV L. 

(c) Add the results of (a) and (jb). 

This rule may be symbolized as follows: 

42. Rule 4. Three-Level Sections with Two Warped Surfaces. 

J i (a + & + a' + 6') f ' 
^ £ (3 c + c') (« + r), 
i £ (3 c' + c) {I' + r'). 

43. General Applicability of Rule 4. — Rule 4 is applicable 
to any railroad prismoid (with a constant width of road-bed) in 
which there are three, and only three, longitudinal edges, the 
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middle one being in the same vertical plane with the center line of 
the road-bed, and the other two being the intersections of the 
surface either with the side slopes or with the road-bed, as the 
case may be; * thus, it is applicable to the solids t shown in 





|<-^a)-4f"^«j-»| 



Fig. 28. 



Fig. 29. 



Figs. 27, 28, 29, 30 and 31, as well as to others, but it does not 
apply to Fig. 32, since this solid does not have a longitudinal 
edge in the same vertical plane with the center line CiC/. 
The rule is applicable when the slopes of the surfaces BQQ'B' 






Fig. 31. 

and APP'A' (Fig. 20) are equal or unequal; and moreover, these 
surfaces may be warped, so that the slopes of QB and Q'B', as 
well as those of PA and P'A', may be unequal. 

If the width of the road-bed differs at the two ends, use Rule 2. 

* If the surface intersects the road-bed, the corresponding side heights 
(a and a' or 6 and fe') are zero, and the corresponding values of I and I' or 
of r and r' are the horizontal distances from the center to this intersection; 
the distance from the center to the edge of the road-bed on that side of the 
center line may be different at the two ends. 

t In Fig. 30, two longitudinal edges may be considered as Coinciding with 
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44. Example. — The width of the road-bed being 14 feet, and 
the distance between stations 100 feet, let the notes be: 



Sec 3. 83. 
Sec. 2. 82. 



Station. Cross-Sections. 

25 34 

-f-12 +15 -1-18 

I I I 

31 28 



Sec. 1. 81 -I- 40. 



+ 16 +20 +14 

I I I 

37 40 

+ 20 +30 +22 



The distance between Sec. 1 and Sec. 2 is 60 (= 100 — 40) 
feet, and that between Sec. 2 and Sec. 3 is 100 feet. Hence the 
terms in the volume between Sec. 1 and Sec. 2 are, in cubic yards, 

xi^ X 60 X 72 X 7 = 280 cu. yds. 
Vh X 60 X 80 X 77=1140|f " 
sij X 60 X 70 X 59 = 764|f " 

Total =2185f cu. yds. 

The volume between Sec. 2 and Sec. 3 is, in cubic yards, 

T*H X 100 X 60 X 7 = 388if cu. yds. 
5k X 100 X 55 X 59 = loom " 
^k X 100 X 50 X 59 = 9101* " 



Total =2300M cu. yds. 



THREE-LEVEL SECTIONS WITH TWO WARPED SURFACES, 
THE WIDTH OF THE ROAD-BED BEING CONSTANT, AND 
WITH PLANE SIDE SLOPES OF EQUAL INCLINATION. 

45. The Grade Prism. — If the side slopes B Q Q'B' and 
APP'A'-{Fi.g. 33) are prolonged, they will intersect in the line 
VV, parallel to CiC/ and in the vertical plane through CiC/. 

Let tan AVC = tan BVC = tan A'V'C = tan B'VC = s, and 
let CJ = C,' V = c„. 

• c - ^ 
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The area of the triangle PQV is — c^w = - — ; and hence the 

volume of the triangular prism PQV-P'Q'V, called the grade 
prism, is 



G = 



4s 



46. Formula for the Volmne. — The end ACBV is formed by 
the two triangles AVC and BVC, and its area is 

i (c + c„) (Z + r). 

The area of the end A' C B' V is 

i (c' + c„) {V + r'). 




or 



The area of the mid-section is 

Hence, by Eq. (1), the volume ACBV-A'C'B'V is 
\L{\{c + c„) (Z + r) + i (c' + c„) {V + r') 

+ i (c + C + 2 c„) (Z + r + Z' + r')], 

T^f L (2 c + c' + 3 c„) (Z + r) + tIj L (2c' + c + 3 c„) (Z'+ O. 
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Hence the volume above the road-bed PQQ'P' is 
P = tV i' (2 c + c' + 3 c„) (Z + r) 



+ ^L{2c' + c + 3 c„) (Z' + r') - ^ • 



As 
The corresponding rule may be stated as follows: 



47. Rule 5. Three-Level Sections with Two Warped Surfaces, 
using the Grade Prism. 

^ £ (3 c + c' + 3 Co) {I + r), 
^£(2c'+ c + 3 c„^ («' + »•'), 

4s 

48. The Application of Rule 5 is limited to solids in which the 
surface intersects both side slopes, the width of the road-bed 
being constant, the plane side slopes making the same angle with 
a horizontal plane and intersecting each other in the same verti- 
cal plane with the center line of the road-bed. The straight line 
CC must be a longitudinal surface edge. 

49. Example. — The width of the road-bed being 14 feet and 
the side slope ratio s being 1^ to 1 (horizontal -^ vertical), so that 
tan AVC = |, let the notes be. 



Sec. 2. 82. 
Sec. 1. 81-1- 40. 



Station. Cross-Sections. 

31 28 

+ 16 -f-20 +14 

I I I 

37 40 



+ 20 +30 +22 



In this case c,, = w-^ 2 s = J^, and the volume between Sec. 1 
and Sec. 2 (L = 60) is, in cubic yards, 

sk X 60 X 94 X 77 = 1340^? 
X 84 X 59 = 9171^ 



liV T^ = T^^ X 14^ X f = 
4s 



2258^ 



Volume = 21851 cu. yds. 
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THREE-LEVEL SECTIONS WITH PLANE SURFACES, THE 
WIDTH OF THE ROAD-BED BEING CONSTANT, AND 
WITH PLANE SIDE SLOPES OF EQUAL OR OF UNEQUAL 
INCLINATION. 

50. The Plane Surfaces. — In Figs. 34 and 35, the surface is 
composed of four triangles, formed by the three edges AA', CC 
and BB' together with two diagonal edges, each of which is 
drawn from one of the center heights to one of the side heights 
{AC and CB' in Fig. 34, and CA' and CB' in Fig. 35). 




Fig. 85. 

The two possible cases are 



Fig. 34. 

61. Derivation of the Formula, 

shown in Figs. 34 and 35. 

(1) Fig. 34. — Applying Rule 3, we have 
P=^L[2c{l + r + r') +2c' {V+ r'+ I) + 2 a H w + i w) 

+ 2a' iiw) + 2b (iw) + 2b' iiw + i w)] 
= ^ L[{a + a' + b + b') + (a + b')] w 

+ T^L (2c) [(I + r) + J-'] + ^L{2c') [{V + r') + I]. 

(2) Fig. 35. — Applying Rule 3, we have 

P = ^L[2c{l + r + I' + r') + 2c' Q,' + r') + 2a{iw) 
+ 2 a' a w + i w) + 2b (i w) + 2b' ii w + i w)] 
= iTsLiia + b + a' + b') + (a' + b')] w 

+ ^L{2c) [(I + r) + (V + r')] + ^L{2 c'){l'+r'). 
In each term of both of these formulas there are three factors, 
as follows: (a) j^ L, w and a + b + a' + b' + the sum of the 
side heights at the ends of the diagonals (= SdsA); 
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(6) -^ L,2c and I + r + the distances out, at the other end, 
to the ends of the diagonals (= Iddo'); 

(c) Tt^ L, 2 c' and I' + r' + the distances out, at the other end, 
to the ends of the diagonals (= ^^do). 

Using the notation in Appendix III, the terms may be sym- 
bolized as follows: 

53. Rule 6. Three-Level Sections with Plane Surfaces. 
(a) igLtv (a +&+«' + &' + S dsh), 
(6) ^L{9c) (l + r+-S,ddo'), 
(c) i^i (3 c') (I' + *•' + S ddo). 

53. Example. — Let the notes for a prismoid 60 feet long, 
w = 14, be 



Sec. 2. 



Sec. 1. 



22 28 

+ 10 +12 +14 

I / I \ I 

25 _3]_ 

+ 16 



+ 12 +15 

The side heights at the ends of the diagonals are 12 and 16; 
the distances out to the ends of the diagonals are, in Sec. 1, 25 
and 31, and, in Sec. 2, zero. Hence the volume is, in cubic yards, 

(o) ^li X 60 X 14 X (52 + 28) = 207^^ 

(&) " X 30 X (56 + 0) = 311^7 

(c) " X 24 X (50 + 56) = 471^\ 

Volume = 989i^ cu. yds. 

SPECIAL CASES. e' 

54. Five-Level Sections, Two 
Levels above the Edges of the 
Boad-Bed, with four warped sur- 
faces, the width of the road-bed 
being constant, the side slopes 
either plane or warped. When 
the solid is in the form in Fig. 36, 
the volume is, by Rule 2, 

P=^L[(2d + d')l + (.2d'+d)V 

+ (2 c+c') w+ (2 c'+c)w ^'s- 36. 

+ (2 e + e') »• + (2 e' + e) r']; 
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or the sum of the terms : 



Rule 7 



55. Example. 

w) = 14 feet, be 



I i (c + c') w, 
^L{%d+ d') I, 
^L{Zd'+ d) V, 
^ i (3 e + e') V, 
^J0(2e'+ e) r'. 

■Let the notes for a prismoid 80 feet long, 



Sec. 2. 



Sec. 1. 



100 



37 



+ 62 


+50 

1 


+ 40 

1 


+ 30 

1 


+ 20 
1 


130 


7 





J ^ 


70 



+82 +70 +60 +50 +42 



Then the volume, in cubic yards, according to Rule 7, is: 



T*^ X 80 X 100 X 14 = 1037A 

ffk X 80 X 190 X 130 = 6098H 

X 170 X 100 = 

X 130 X 70 = 



4197|f 



X 110 X 37 = 



2246|t 
1004if 




Rule s (a) '• 



Volume = 14585/7 cu. yds. 

56. Level Sections. — By Rule 2, 
the volume is 

TV^[(2c + c')(Z + r) 

+ (2c'+c)(Z' + r') 

+ ^.2a^-a')\w 
+ (2a' + a)iw' 

+ (26 + 6')iw 

+ (2 6'+6)^i«']; 

or, since a=h=c, and a'— h'=cf, \ 
this is equivalent to the sum of 
the two expressions, 

^ £ (2 c + c') (« + »•+ w), 
/^X(3c' + c) (?' + r' + w'). 



Rule 8 (b) ; 
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Rule 8 (a) is applicable when the surfaces BQQ'B' and APP'A' are 
either plane or warped, and when their slopes are equal or unequal. 

If the surfaces BQQ'B' and APP'A' are plane, and if they make 
the same angle with the horizontal plane, we have, 

I — r — \ w+ cs, and V = r' = ^w' + c's, 

and the expressions for the volume become 

^gi (3 c + c')2 (w + cs), 

^ £ (3 C + c) 3 (w' + c's). 

If, in Fig. 33, the surface ACBB'C'A' were in a horizontal 
plane, we should have 

Z + r = 2 (c + c„) s and V + r' = 2 (c' + c„) s. 

Substituting these expressions in the formula for P in Art. 46, 
we have 

P = tV i (2 c + c' + 3 c„) (c + c„) . 2 s 

+ tV-^' (2 C + c + 3 c„) (c' + c„) . 2 s - ^, 
or 4 s 

P = xViCCc + C„)^ + (C' + C„)= + (C + C„) (C' + Co)] -48-:^'. 

This formula is applicable when the width of the road-bed is 
constant and the plane side slopes are equally inclined to the 
horizontal plane. 

57. Ditches. — Rules 8 (a) and 8 (6) may be used to find the 
volumes of the ditches. 

58. When the Side Slope is Afterwards Flattened. — In Fig. 38, 
let BQQ'B' be the original plane side slope, and B^QQ'B^' the 
plane side slope after the volume BQB^-B'Q'B/ has been removed; 
and let the old side slope ratio = tan 6 = s, and the new side 
slope ratio = tan d^ = s^. 

Then, by Rule 1, the volume BQB^-B'Q'B/ is 

^Jy L [(2 6+ b') b,s, + (2 b'+ b) b,'s,+ (.2 b,+ V) (-6s) 
+ (2b/+b,) i-b's)], 

which reduces to the sum of the two terms, 

f^£(3&.+5i')6 (*,-«), 
Kule 9: { , 

fa£(3 6/ + 6,)6'(s,-s). 
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59. Sidings. — In Fig. 39, Q Q' is the edge of the original road- 
bed, and QQ'Q^Qi is the area added to the road-bed to allow for. 
the siding, BQQ'B' and B^Qfi^'B^ being plane surfaces. 





Fig. 38. 

(1) The General Case, shown in Fig. 39. — By Rule 1, the 
volume BfifiB-B/Q'^'Q'B is 

A L[{2b + h') (A + &iSj) + (2 &' + 6) ( A' + 6/Sj) 
+ (2 6j + &/) (A - fos) + (2 6/ + &J (A' - h's)l 

which' reduces to the sum of the four terms, 

j|i[3(6 + 6,) + (6' + 6/)] A, 

3^i[2(6' + 6/)+ (6 + &,)]A', 

i i (3 6/ + h,) V («i - s). 



Rule 10 (a) : 



(2) When s^ = s. — Rule 10 (a) becomes 

5^ i[3(6 + 60 + (6' + V)]A, 
3^i[3 (6' + 6/) + (6 + &J]A'. 



Rule 10 (b) : 



(3) When s^= s and A' = A. — Rule 10 (a) becomes 
Rule 10 (c) : | i (6 + 6^ + 6' + &/) A. 



(4) When A = A' = 0. — Rule 10 (a) becomes the same as 
Rule 9. 
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BORROW PITS AND GRADING. 

60. Description. — In making embankments it is sometimes 
cheaper, when the excavated earth in the neighborhood of the 
embankment is insufficient, to take the additional quantity from 
a nearby field than to bring it from a more distant cut. Before 
the work is begun, the surface of the ground is divided into rec- 
tangles of the same size with convenient dimensions, and levels 
taken at the corners; after the earth is removed, levels are again 
taken at the same points; and from the data thus obtained, the 
excavated volume is computed. The same method may be used 
to determine the volume removed or added in grading. 

There are two cases, — first, when the rectangles are sub- 
divided into triangles so that the surface is considered as composed 
of plane triangles; and, second, when the surface is considered 
as formed by quadrilaterals, either plane or warped. 

Note. — The volume between the original surface and a horizontal refer- 
ence plane below the excavation may be determined, then the volume between 
the new surface and the reference plane, and the second volume subtracted 
from the first. 

61. When the Surface is composed of Triangles. — Let the 

width of each horizontal rectangle be w and its length L, as in 
Fig. 40, and let the direction of the diagonal 
line that hes in the surface be noted. The' 
volume is then considered as composed of 
truncated triangular prisms, all having the 
same basal area. Since, from Eq. (6), the vol- 
ume of such a prism equals the area of the 
base multiphed by one third of the sum of the 
vertical edges, this constant basal area must 
be multiphed by one third of a given vertical ^^S- *"• 

edge, taken as many times as there are prisms 
to which it belongs. Thus, the height a at A is in one prism, and 
the corresponding term in the volume is (^ Lw) • i a; the height 
& at B is in two prisms, and the sum of the corresponding terms 
is (i Lw) • 2 (J 6) ; the. height c at C is in three prisms, and the 
sum of the corresponding terms is (i Lw) • 3 (i c) ; the height d at 
D is in eight prisms, the largest possible number, and the cor- 
responding terms equal (,i Lw) -8 (id). 
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If subscripts are used to denote the number of prisms to which 
a height belongs, and S is read "the sum of," so that 2 A3 means 
"the sum of the vertical edges, each of which is common to three 
triangular prisms," the volume is the sum of eight terms, forming 

Rule 11(a): 1* ^ ^^ ^^ ^2/., + 2^H, + 32^ + 45^. 

[ + 5 5^6 + 6 3^6 + 7 Sft, + 8S*8]. 

Note. — One or more of these eight terms may be zero. 

63. When the Surface is composed of Quadrilaterals, Plane or 
Warped. — Let w and L be the common breadth and length of 
the rectangular bases. From Eq. (2), making 
m' = m = w, the volume in Fig. 4, with a rectan- 
gular base, is 

LwX i Qi^ +h^+ hi' + h^'), 
or 

the area of the base X i the sum of the vertical edges. 
Kg. 41. 

Hence, if subscripts are used to denote the number 

of prisms to which a height belongs, and 2 is read "the sum 
of," so that ^hg means "the sum of the vertical edges, each of 
which is common to three rectangular prisms," the volume is the 
sum of four terms, forming 

Rule 11 (b) : | iif [ S^i + 3 2^2 + 3 S^a + 4 S^J. 

RAILROAD SIDE-HILL WORK. 

63. The Preceding Methods are Sufficient for the computation 
of side-hill work, but two special rules may be formulated. 

64. Triangular Ends with a Warped Surface, Fig. 42. — Let 
BQQ'B' be the side slope, plane or warped, BSS'B' the surface, 
and SS' its intersection with the road-bed. Then, by Rule 1, the 
volume of BSQ-B'S'Q' is given by the sum of the two terms, 

1, , .0 f^-^ i2h + h')m. 
Rule 13 : I 

\^I,(2h' + h) m'. 

65. Triangular Ends with Triangular Plane Surfaces, Figs. 43 
and 44. — In Fig. 43, the volume is composed of the triangular 
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pyramid B-B'Q'S' and the trapezoidal pyramid B-S'Q'QS, so that 
the volume is 

iL . ih'm' + ih .L — - — , 
or ^\L[2mh + 2 m' Qi + h')]. 

In Fig. 44, the volume is composed of the triangular pyramid 





m Q 



m Q 



rig. 42. 



Fig. 43. 



B'-BQS and the trapezoidal pyramid B'-S'Q'QS, so that the 
volume is 



or 



^L[2m{h + h') +2 m'h'l 



If the heights at the ends of the diagonal be dh and dJi', the 
expression for the volume, in either 
case, consists of the two terms,* 



Rule 13: 



^L(2m) (h + dh'), 
■^L (2 m') {h' + dh). 




m Q 



Fig. 44. 



66. The Necessary Measurements. — 

When great accuracy is required in s^ 
side-hill work, cross-sections should be 
taken (Fig. 45), 

(1) where the surface cuts each edge of the embankment 
road-bed (C and E), 

* One of the diagonal heights will be zero, and the other will be h or h', 
as the case may be. 
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(2) where the center line pierces the road-bed (Z)), and 

(3) where the thorough cut begins with the full width of the 
road-bed (F) ; and 

(4) the horizontal distance to the point B, where the cut 
runs out, should be measured. 



Sec. 7 




See. 2 



Sec. 1 



Fig. 46. 



The preceding rules will serve for the determination of the 
volumes shown in Fig. 45. 



67. Example. — The width of the road-bed being 20 feet in 
cut and 14 feet in fill, let the notes for Fig. 45 be: 
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Station.* 
Sec. 7. 22. 



Cross-Sections. 



+ 2 



Sec. 6. 



Sec. 5. 



Sec. 4. 



Sec. 3. 



10 




+75. ^ 



+70. 




+ 3 

1 


16 

+ 4 
1 




+ 1.2 


1 
13 

+2 


1 



12.1 



+60. ^ 



+50. 




Sec. 2. +40. 

Sec. 1. 21. 



where the distance out is in the numerator and the corresponding 
height in the denominator, a positive sign indicating a cut and a 
negative a fill, and the lines indicate the longitudinal edges of 
the solid. 

Each of the volumes may be found either by Rule 2 or by 
Rule 4, dividing by 27 to reduce to cubic yards, as follows: 



(1) Fill between Sec. 1 and Sec. 3. ■ 

T^y X 50 X 7.0 X 7 = 

■sh X 50 X 6.6 X 22.1 = 

^k X 50 X 4.8 X 16.4 = 

Volume = 



- Rule 4. 

22fM 
22^|f 
12^^ 



57^5 cu. yds.. 



(2) Fill between Sec. 3 and Sec. 4. — Rule 4. 



rU X 10 X 2.6 X 7 = 

Ai X 10 X 2.0 X 16.4 = 

sk X 10 X 1.0 X 8.5 ^ 

Volume = 



l*ff 



2|M cu. yds. 

* Sec. 2 is 40 feet from Sec. 1; Sec. 3 is SO feet from Sec. 1; and so on, 
Sec. 7 being 100 feet from Sec. 1. 
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(3) Fill between See. 4 and Sec. 5. — Rule 2, part (6). 

Fk X 10 X 2 X 7 = M cu. yds. 

(4) Cut between Sec. 2 and Sec. 3. — Rule 2, part (6). 

ji? X 10 X 4 X 3 = ^? cu. yds. 

(5) Cut between Sec. 3 and Sec. 4. — Rule 2, part (6). 

^k X 10 X 5 X 3 = Ui 
^k X 10 X 4 X 10 = 1/A 

Volume = Iffl cu. yds. 

(6) Cut between Sec. 4 and Sec. 5. — Rule 4. 

tJh X 10 X 2.4 X 10 = 2/2P5 





5^ X 10 X 1.0 X 11.5 = 


m 




^h X 10 X 2.0 X 19.1 = 


hV^ 




Volume = 


3111 cu. yds. 


(7) 


Cut between Sec. 5 and Sec. 6. - 


- Rule 4. 




T*^ X 5 X 3.4 X 10 = 


Hlf 




^k X 5 X 3.2 X 19.1 = 


¥i%^ 




■sh X5 X 3.4 X 23 = 


1^1 




Volume = 


Sm cu. yds. 


(8) 


Cut between Sec. 6 and Sec. 7. 


— Rule 4. 




T*F X 25 X 8 X 10 = 


18t%% 




^k X 25 X 5.4 X 23 = 


9A\ 




^k X 25 X 7.2 X 29 = 


16tW 




Volume = 


44t\y^ cu. yds. 



E- 



CHAPTER II. 

APPLICATION OF THE AVERAGE END AREA METHOD WHEN 
THE CROSS-SECTIONS ARE DETERMINED BY LEVELS. 

68. Theory of the Average End Area Method. — In this method, 
an approximate value of the volume is found by multiplying the 
average of the two end areas by the length; thus, if A and A' 
are the areas of the two parallel ends, and L is the perpendicular 
distance between them, the volume by this method would be 

°^ e=Ila + \la' (11) 

that is, the volume is considered as equivalent to two right prisms, 
each with the length ^ L, one having the cross-section A, and the 
other A'. 

In this method, no attention is paid to the directions of the 
longitudinal edges, and the results obtained are only approximate. 
Nevertheless it is extensively used on account of the simplicity 
of the necessary computations, and because approximate values 
of the volumes are usually all that are required in railroad work. 

In Chapter I, volumes have been determined by the prismoidal formula, 
using rules that may be easily applied. In Chapter II, some of these volumes 
will be determined by the average end area method; and in Chapter III, 
we shall find the correction to be appUed to the average end area volimie 
to obtain the volume according to the prismoidal formula. 

69. Contmuous Work. — If three parallel sections are meas- 
ured, the areas being A, A' and A", the perpendicular distance 
between A and A' being L, and that between A' and A" being L', 
the total volume would be 

\L{A + A') + \L' {A' + A"), . 
or iLA + i{L + U) A' + i UA". 

Hence, if a section is common to two solids, multiply its area by 
one half the sum of the distances to the adjacent sections. 

45 



46 



EARTHWORK COMPUTATIONS 



70. Derivation of the General Formula. — The area ABODE FG 
is equivalent to the sum of the trapezoids MABN, NBCO, OCDP 




or 



or 



and PDEQ, diminished by the sum of the trapezoids RFEQ, 
SGFR and MAGS, or 

iMNia + b) +iNO(]b + c) +iOP (c+d) + i PQ (d + e) 
-iRQ(e + f)-iSR{f + g)-iMS(.g + a), 

i a {MN -MS) + ib {MN + NO) + ic{NO + OP) 
+ id{OP + PQ) + ie{PQ-RQ) + if{-RQ- SR) 
+ ig{-SR-MS), 

ia.SN + ib.MO + ic.NP + id.OQ + iei-RP) 
.+ if{-SQ) + ig{-MR). 

Multiplying this by JL will give the volume of a right prism 
with this cross-section and with the length ^ L. These terms may 
be written by the use of Rule 14, Art. 72. 

71. Definitions. — Passing a pencil around the area in the 
clockwise direction (from A to B to C to D to Eto F to G to A), — 
of any three consecutive heights b, c and d, c is the middle height, 
d is the forward height, and b the back height. 

72. The General Rule for the Average End Area Method. 
Rule 14. — Passing around the solid clockwise, multiply ea^h 
height by the horizontal distance between the forward and back 
heights; multiply the product by iL, giving the result the negative 
sign when the forward height is to the left of the back height; and add 
the results algebraically. 

This rule will answer for any polygonal cross-section, and it should 
always be used when the surface contains overhanging cliffs. 
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If h represents any height, and BFH is the horizontal distance 
between the back height B and the forward height F, the rule 
may be symboUzed as follows: 

73. Rule 14. The General Cross-Section. — Clockwise, for each 
height, 

i i /* . BFH (- when F is left of JB). 

74. Example. — Using the notes in Art. 24, where L = 60 
feet, arrange the quantities in clockwise order, prefixing the 
last point and affixing the first, but paying no attention to the 
longitudinal edges: 



G' 


A' 


C 


D' 


E' 


F' 


G' 


A' 


30 


10 


40 


58 


74 


45 


30 


10 



+ 35 +50 +60 +52 +55 +30 +35 +50 

30 20 40 60 80 90 70 50 30 20 

+ 10 +30 +40 +34 +50 +35 +20 +18 +10 +30 

HABCDEFGHA 

Then the volume by Rule 14 is, in cubic yards. 





Terms. 


+Vols. 


-Vols. 


For height at A 


tJ^X 60 X 30 X 10 


166f 




B 




X 40 X 40 


888f 




C 




X 34 X 40 


7551 




D 




X 50 X 30 


8331 




E 




X 35 X (- 10) 




1941 


F 




X 20 X (- 40) 




4441 


G 




X 18 X (- 40) 




400 


H 




X 10 X (- 30) 




1661 


A' 




X 50 X 10 


277i 




C 




X 60 X 48 


1600 




D' 




X 52 X 34 


982| 




E' 




X 55 X (- 13) 




3971 


F' 




X 30 X (- 44) 




7331 


G' 




X 35 X (- 35) 
Totals = 




6801 




55041 


30161 








30161 





Volume = 24871 cu. yds. 
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75. Example. Second Method Using the same notes, but 

neglecting the longitudinal edges, we may first find the volume 
(Fig. 17 a) of A^ABCDEE^-A^'A'C'D'E'E^', and then that of 
A^AHGFEE^-A^'A'G'F'E'E/, finally subtracting the latter vol- 
ume from the former. Prefix and affix to the notes new fractions 



which shall contain the measurements for A, and 



^i' 



and for 



E^ and E^' respectively, so that the notes shall read as follows: 



ig_ 





A' 

10 

+ 50 



C 
40 
+ 60 



D' 

58 

+ 52 



E' 
74 

+ 55 



E,' 

74 





20. 


A, 



20 

+ 30 

A 



40 

+ 40 

B 



60 

+ 34 



80 

+ 50 

D 



90 
+ 35 



90 


El 



and, for the second solid, 

A/ A' G' F' E' El 

10 30 45 74 7^ 

+ 50 +35 +30 +55 



10_ 




20 




20 

+ 30 

A 



30 
+ 10 



50 

+ 18 



70 

+ 20 

F 



90 

+ 35 

£7 



90 




Applying Rule 14 to these solids separately, we shall have, in 
cubic yards: 



For the first solid. 

Height. Term. 

A T^ffX 60 X 30 X 20 
X 40 X 40 



B 
C 
D 

E 

A' 

C 

D' 

E' 



X 34 X 40 
X 50 X 30 
X 35 X 10 
X 50 X 30 
X 60 X 48 
X 52 X 34 
X 55 X 16 
Total = 



Vols. 

3331 

888f 

7551 

8331 

1941 

833f 

1600 

982f 

4881 

6910 

44221 



For the second solid. 
Height. 

H 

G 

F 

E 

A' 

G' 

F' 

E' 



Term. 


Vols. 


60 X 30 X 10 


1661 


X 10 X 30 


166^ 


X 18 X 40 


400 


X 20 X 40 


4441 


X 35 X 20 


3881 


X 50 X 20 


555# 


X 35 X 35 


680f 


X 30 X 44 


733^ 


X 55 X 29 


886i 


Total = 


4422* 



Net Volume = 2487^ cu. yds. 
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76. Application to tlie General Railroad Cross-Section. — By 

Rule 14, the volume of a right prism, with the cross-section 
shown in Fig. 47 and with the length J L, is 

\Lf.MC^+\Lc.OR + \Lg.CJ<l-\-iLa.PO+ \Lhi-QB), 




Fig. 47. 
or 

iL/.MCi + \Lc.OR + iLg.C^N + iLa(iw-Cfi) 
+ iLbiiw - C^R), 

which will be given by Rule 15. 

77. The Rule for the General Railroad Cross-Section. Rule 15. 

— (a) For each height, except the extreme side heights: Multiply the 
height by the horizontal distance between the adjacent heights, and 
multiply the product by \L. 

(fi) For each extreme side height: Multiply the height by i w — 
the distance out from the center to the height adjacent to the side 
height, and multiply the product by \L. 

(c) Add algebraically the results of (a) and (6). 

This rule may be symbolized as follows: 

78. Rule 15. The General Railroad Cross-Section. 
For each height, except the extreme side heights, 

\Lh. BFH. 

For each extreme side height, 

\ Lhs (^w — cah) (— when cah > | w). 

79. Rule 15 is Applicable to any railroad cross-section when 
one edge of the cross-section lies in the road-bed. If there are 
overhanging cliffs, it will be necessary to consider the sign of 
BFH. The distances C^Q and C^P are not necessarily equal; if 
unequal, the value of ^w used in Rule 15 must be the distance 
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CjQ or CjP that is measured towards the h, that is being con- 
sidered. The side slope ratios are not necessarily the same on. 
the right and left. Note that cah is negative when the extreme 
side height and this adjacent height are on opposite sides of the 
center C^ of the road-bed.* 

80. Example. — Using the notes in Art. 32, but without paying 
attention to the longitudinal edges, the volume by Rule 15, when 
L = 40 feet, is, in cubic yards, 



Height. 
D 
C 
E 
A 
B 
D' 
C 
A' 
B' 



Terms. 
Ti, X 40 X 16 X 17 
X 17 X 11 
X 18 X 22 
X 10 X 1 
X 15 X 2 
X 20 X 25 
X 18 X 38 
15 X (- 



8) 
10 X 10 

Totals 



+ Vols. 

lOOf^ 

69/7 

146M 

185/7 
263|?7 

37^ 

■ 807^7 

44if 



- Vol. 



44M 
44H 



Volume = 762Jf cu. yds. 

81. The Area of the Three-Level Section, Fig. 48, is, since 
PC, = C,Q, 

4(a + b) f +4c(Z + r-). 

Multiplying this area by ^ L will give the volume of a right prism 

with this cross-section and with the 
length ^L, the two terms being in 
B accordance with Rule 16. 




f 83. The Rule for the Three-Level 

f- ' ^Section. Rule 16.— (a) Multiply the 

sum of the side heights by \w, and 
multiply the product by \ L. 
(6) Multiply the center height by the sum of the distances out 
from the center to the side heights, and multiply the product by J L. 
(c) Add the results of (a) and (6). 

* For Kule 15 may be used when the height at Cj is not measured. 
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This rule may be symbolized as follows: 

83. Rule 16. Three-Level Sections. 

|i(« + 6)|, 
\Lc{l + r). 

84. Rule 16 is Applicable when either A or B, or both A and B, 
lie in the road-bed PQ. The side slope ratios on the right and 
left are not necessarily equal, but C^Q must equal CJP. 

85. Example. — Using the notes in Art. 44, but without con- 
sidering the longitudinal edges, the volumes by Rule 16 are, in 
cubic yards. 



Sec. 3. 



Sec. 2. 



Sec. 1. 







Terms. 


Vols. 


(a) 


TTlff 


X 100 X 30 X 7 


194f 


(b) 




li 


X 15 X 59 


8191 


(a) 




li 


X 30 X 7 


194| 


% 




tl 


X 20 X 59 


10924f 


(a) 


TAlf 


X 


60 X 30 X 7 


116f 


(6) 




ff 


X 20 X 59 


6551 


(a) 




il 


X 42 X 7 


1631 


(b) 




il 


X 30 X 77 


12831 



Vols. 



2300|f 



22181 



86. The Area of the Three-Level Section, using the Grade Tri- 
angle. — When the side slopes A P and B Q are prolonged to 
their intersection at V, the area 
APC^QBC is the sum of the tri- 
angles AVC and BVC diminished 
by the triangle PQV. But, if 



tan d = s, and VC,^ = 
w 
^"=27 
Hence the area is 



c„, we have 




i (c + c„) {I + r) 



Multiplying this by JL will give the volume of the right prism 
whose cross-section is APCjQBC and whose length is ^ L. 

Note that — X iL is the volume of the right prism whose 
4s 

cross-section is PQV and whose length is ^ L. 

The required volume is given by Rule 17, c + c^ being the 
augmented height. 



52 EARTHWORK COMPUTATIONS 



87. The Rule for the Three-Level Section, ushig the Grade 
Prism. Ruie 17. — Multiply the augmented height by the. sum of 
the distances out from the center to the side heights, and multiply the 
product by \ L. From the result subtract w^ L -^ 8 s. 

The rule may be expressed algebraically as follows: 

88. Rule 17. Three-Level Sections, Special Case. 

Cj = w -^ 3 s. 

E=lL{c+ Co) (1 + r) ^^ 



8s 

89. The Application of Rule 17 is limited to cross-sections in 
which the surface intersects both side slopes. CiP must equal 
C^Q, and the angles C^PA and C^QB must be equal. 

90. Example. — Using the notes in Art. 49, but without pay- 
ing attention to the longitudinal edges, the volume by Rule 17 
is, in cubic yards, since L = 60: 

c„ = w 4- 2 s = 14 -h 3 = 4f, 

Sec. 2. c + c^= 241; ^l-g X 60 X 24f X 59 = 808^^ 
Sec. 1. c + c^= 34f ; x^^ X 60 X 34f X 77 = 1482^ 

Sum = 229Hf 

^V X -^ = ^U X 60 X 14^ X f 

8s 

= 36A ; 36^r X 2* = 72if 



Volume = 22181 cu. yds. 

91. The Rule for Five-Level Sections when two levels are taken 
above the edges of the road-bed, Fig. 50. — By Rule 15, the volume 
of a right prism with this cross-section and with the length ^ L 
is the sum of the three terms in 



Rule 18: 



\Ij cw, 
\ L er. 



* Doubled, since it should be subtracted from each of the right prisms 
whose cross-sections are Sec. 1 and Sec. 2, respectively. 
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93. Example. — Using the notes in Art. 55, but neglecting the 
longitudinal edges, the volume by Rule 18 is, in cubic yards, 
since L = 80: 



Sec. 2. 

Sec. 1. 

[e " X 5 

Volume = 148963^cu.yd3. 

93. Rules for Level Sections, Fig. 51. — The volume of the 



eight 




Terms. Vols. 


\d' 


T^s X 80 X 50 X 100 = 3703if 


c' 




X 40 X 14 = 414|f 


e' 




X 30 X 37 = 822,^ 


d 




X 70 X 130 = 67401? 


c 




X 60 X 14 = 622#7 


e 




X 50 X 70 = 2592Jf 





Pig. 50. 



rig. 61. 



right prism with the cross-section APC^QB and with the length 
^L is 

Rule 19 (a) : \Lc {I + r+ w). 

Rule 19 (b) : \Lc -2 {w + cs). 

Rule 19 (c) : i L {c + c„)^ 2 s -^' 

o s 





Pig. 



Fig. 68. 



94. Rule when the Side Slope is Afterwards Flattened, Fig. 52. 
— The volume of the right prism with the cross-section BQB^ 
and with the length ^ L is 

Rule 30: 5 i . &i . 6 (si - s). 
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95. Rules for Sidings, Fig. 53. — The volume of the right 
prism with the cross-section BQQ^B^ and with the length ^L 
is the sum of the two terms : 



Rule 31(a): 



■ I i (6 + 6i) A, 
1 1/ 6i . 6 («i — »). 

If ^ = ^1 so that s = Sj, Rule 21 (a) becomes 
Rule 31(b) : \ L {b + b^ A. 



96. 




Special Rule for Side-Hill Work, Triangular End Section, 

Fig. 54. — The volume of the right prism with 
h the cross-section shown in Fig. 54 and with the 
length ^ L is 

Rule 23 : I i fe m. 
Pig. S4. 



THE AREA OF THE CROSS-SECTION. 

97. The Area of the Cross-Section, in the different cases, may 
be found by the Rules in this chapter, provided that the factor 
^L is omitted. Thus the area of the general cross-section will 
be found by passing around the section in the clockwise direc- 
tion and multiplying each height by the horizontal distance 
between the forward and back heights, giving the product the 
negative sign when the forward height is to the left of the back 
height, adding the results algebraically, and dividing the sum by 
two. 
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PRISMOIDAL CORRECTION WHEN THE CROSS-SECTIONS ARE 
DETERMINED BY LEVELS. 

98. The Prismoidal Correction is a quantity which, subtracted 
algebraically from the volume between two end sections as deter- 
mined by the average end area method, will give the volume that 
would be found by the use of the prismoidal formula. 

Denoting the volume according to the prismoidal formula by 
P, and that according to the average end area method by E, and 
the correction by C, we have 

P = E - C, 
or C = E — P. 





Tig. S6. 



Fig. 56. 



The volume of the solid shown in Fig. 55 is, according to the 
prismoidal formula, by Eq. (2), 

P = ^\sL [(2 h^ + h^') m + (2 \' + h^) m' + {2h^ + h^') m 
+ (2 h/ + h^ wf\; 
and, by the average end area method, 

E=\L \_{\ + fej) m + (A/ + h{) wr\. 
Hence 

C = ^ - J* = ^i i ( m- m') [ (^1 + 1h)-{1i^' + fe/)] • (12) 
It is evident that C = when either 

m = m' or Aj + ^2 = A,' + h^'. 
55 
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99. Derivation of tlie Correction for the General Rule for the 
Average End Area Method. — Applying Eq. (12) to the solid below 
ABB' A' (Fig. 56) and to that below BB'C'C, the total correction is 

C=^\L (m^ - m/) {h, + h,- A/ - h,') 
+ xV L (m, - m/) ih^ + h^ - h^' - h./) 
= tV L Qi^ - h/) (mj - m/) 
+ ^ i (/i2 - h^') [ m, + mj) - (m/ + m/)] 

+ tV-^ (.K - K') (»»2 - ■^2'), 
so that the terms, in the correction, corresponding to the middle 
edge BB', are 

^J.{h,^- h,') [(mi + mj) - (m/ + m/)] . . (13) 
leading to Rule 23. 

100. General Rule for the Prismoidal Correction. Rule 33. — 

For each longitudinal edge: From the height at the first end 
subtract the height at the other end; from the horizontal distance at 
the first end between the adjacent edges * subtract the horizontal 
distance at the other end between these adjacent edges; * and multiply 
the product of these results by xV ■^• 

Using the notation in Appendix III, this rule may be symbol- 
ized as follows: 

101. Rule 33. The General Prismoidal Correction. — Clock- 
wise, for each edge, 

^L{h - h') {bfe - hfe'). 

103. Example. — Using the notes in Art. 24, we have, in cubic 
yards, 

Edge. Terms. 

BA' ^i^x 60 X (- 10) X (40 - 30) 
CC " X (- 26) X (40 - 48) 

Diy " X (- 2) X (30 - 34) 

EE' " X (- 20) X (- 10 + 13) 

FF' " X (- 10) X (- 40 + 44) 

GG' " X (- 17) X (- 40 + 15) 

HG' " X (- 25) X (- 30 + 20) 

A A' " X (- 20) X (10 + 20) 

Totals 

C 

From Art. 24, P = 24701^; from Art. 74, E = 2487|. 
* Negative when that end of the forward edge is to the left of the corre- 
sponding end of the back edge. 



+ Vols. 


-Vols. 




18M 


38^f 




m 






llA 




7i} 


78i^ 




46#, 






IIItPt 


165 


148^ 


148^ 




+ 16|f ( 


3U. yds. 
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103. Derivation of the Correction for the Rule for the General 
Railroad Solid. — The terms, in the expression for the correction, 
corresponding to the edge BB', are, 
by Rule 23, 



^\L{K-h,')[NQ-{-Q'N')l 



or 



tV L {hs 



h') [iiw- cae) 

- (i w' - cae')], 




leading to Rule 24. 

104. Correction for the Rule for 
the General Railroad Solid.* Rule 34. 

— (a) For each edge except the extreme ^^g- Pl- 

edges: From the height at the first end 

subtract the height at the other end; from the horizontal distance at 
the first end between the adjacent edges subtract the horizontal distance 
at the other end between these adjacent edges; and multiply the pro- 
duct of these results by ^^L. 

(&) For each extreme edge: From the height at the first end 
subtract the height at the other end; at each end, from one half the 
width of the road-bed subtract the distance out from the center to 
the adjacent edge, and subtract the value at the second end from the 
value at the first end; and multiply the product of these results by 

(c) Add algebraically the results of (a) and (6). 

Using the notation in Appendix III, this rule may be symbol- 
ized as follows: 

105. Rule 24. The General Railroad Solid Correction. 
For each edge, except the extreme edges, 

^Z(h - h') (jbfe - hfe'). 

For each extreme edge, 

^L {lis — lis') [(a «f — cae) - (a w*' — cae')]. 

* See the foot-notes on page 22, and also Art. 31. 
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5aT 



106. Example 

yards, 
Edge. 
AD' 
DD' 
CC 
EB' 
AA' 
BE' 



Using the notes in Art. 32, we have, in cubic 



Terms. 


+ Vols. 


-Vols 


X (-10) (11- 7) 




4if 


X (- 4) (17 - 18) 


1? 




X (- 1) (11 - 38) 


3H 




X (+ 8) (22 - 20) 


IH 




X (- 5) (- 10 + 8)* 


Hf 




X (+ 5) (2 + 10)t 


7M 





Totals = 14|f 
4H 



4H 



C =+9|i cu. yds^. 



From Art. 32, P = 753/x; from Art. 80, E = 762if . 





^ :r-'— ->i 



"r ^TK'^te 



->ib 



107. Derivation of the Correction for the Rule for Three-Level 
Sections with Two Warped Surfaces, the Width of the Boad-Bed 
being Constant. — From Art. 40, 



P = i L (o + 6 + a' + 6') I + A i- (2 c + c') (Z + r) 
+ tVL(2 c' ^c) {V + r'); 
and from Rule 16, 

E = i L {a + b)^ + i L {a' + ¥)^+ i L c (} + r) 
+ iLc'iV + r'). 
.■.C^E-P=j\L{c- c') [{I + r) - {V. + r')], 
leading to Rule 25. 

* 7 - 17 - (10 - 18). t 7 - 5 - (10 - 20). 
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108. Correction for the Rule for Three-Level Sections with 
Two Warped Surfaces, the Width of the Boad-Bed being Constant. 
Rule 35. — From the center height at the first end subtract the center 
height at the other end; from the sum of the distances out at the first 
end subtract the sum of the distances out at the other end; and multi- 
ply the product of these results by j^L. 

109. Rule 35. Correction for Three-Level Sections. 

^i(c-c') [{l + r) - {I' + r')]. 

Note 1. — When c = c' or when I + r = I' + r', the values of E and P 
are equal. 

Note 2. — When the width of the road-bed is not constant, the correction 
is given by Rule 24, as follows: 

C=^^L(j-'^'j{a-a'+b-b')+r'^L(,c-c')[il+r)-(,l'+r')]. 

110. Rule 35 is Applicable to any of the modifications of the 
three-level section with which Rule 4 may be used (Art. 43). 

111. Example. — Using the notes in Art. 44, the correction 
C for the volume between Sec. 1 and Sec. 2 is 

^k X 60 X (+ 10) X (77 - 69) = + 33 J cu. yds., 

and that for the volume between Sec. 2 and Sec. 3 is 

5^ X 100 X 5 X (59 - 59) = 0. 

From Arts. 44 and 85, for the first volume P = 2185| and 
E = 22181, and for the second volume P = E = 2300|f . 

113. Correction for the Rule for rive-Level Sections, two 

levels above the edge of the road-bed, with four warped surfaces, 
the width of the road-bed being constant, the side slopes either 
plane or warped (Fig. 59). — By Rule 24, Art. 105, the correction is 

C=i^L[(d- d') {I - V) + (c - c') {w -w) + {e- e') {r-r') 
+ {a — a') {^w— ^w — \w — \w) 
+ Qi - b') {\w-\w - i w - i w)] 
= tV^ {d - d') {I - I') + T\Lie - e') (r - r^, 

or the sum of the terms 

\i^ I. {d-d') {I -I'), 
Rule 36: \ , 

i i (e - e') (»• - V). 
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113. Example. — Using the notes in Art. 55, the correction is, 
in cubic yards, 

on the left, ^^^ X 80 X 20 X 30 = 148^ 
on the right, " X 20 X 33 = 162M 



.-. C = 311i cu. yds. 
From Art. 55, P = 14585^7; from Art. 92, E = 14896^7. 





Fig. 59. 



Fig. 60. 



114. Correction for Level Sections. — When the width of the 
road-bed is different at the two ends (Fig. 60), the correction is 

Rule 37(a) : ^ l (c - c') [{I + r + w) - {I' + r' + w')], 

which is applicable when the side slopes are plane or warped, 
with equal or unequal side slope ratios. 

When the width of the road-bed is constant, the correction is 

Rule 37(b): ^ £ (c - c') [{I + r) - {l' + r-')]; 

and, if also the side slopes are plane surfaces making the same 
angle with the road-bed, so that 

l + r=w + 2cs and V + r' =w + 2 c's, 

the correction becomes 

Rule 37(c): ^ i (c - c')^ 3 s. 
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116. Correction when the Side Slope is Afterwards Flattened. 

— From Rule 9, Art. 58, the volume shown in Fig. 61 is 

P= ^\L (2 \ + b,') b{s,-s) +^L{2 b,' + b,) b' (s, - s); 
and from Rule 20, Art. 94, 

E= iLb^bis,- s) + lLb,'b'{s,- s); 
and hence C {= E — P) becomes 

Rule 38: ^ L s^ - s) (b - b') {b^ - 6/). 





116. Correction for Sidings. — From Rule 10 (a), the volume 
of the solid shown in Fig. 62 is 

P = tV L{[2 (6 + &,) + (&' + &/)] A + [2 (&' + 6,0 +Q> + b,)] A' 
+ (2 &, + 6/) b (Sj - s) + (2 &/ + b,) b' (s, -s)\; 

and, from Rule 21(a), 

E=\L[{b + b,)L+b^b (s,- s) + (6'+ 6/) A' + &/ V (s,- s)]; 

and hence C {= E — P) becomes the sum of the two terms, . 

f^ i[(6 + 6,)- (6' + 6/)] (A - A'), 
Rule 39(a): ] 

[^ i(si- s)(6- 6') (&i- 6i'). 

If s, = s, this correction becomes 

Rule 39(b): ^ i [(& + 6.) - (6' + 6/)] (A - A'). 
If s, = s and A' = A, the correction is zero. 
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117. Correction for the Side-Hill Solid with Triangular Ends 
and a Warped Surface. — From Rule 12, Art. 64, 

P = ^T!L[{2h + h')m + (2 h' + h) m']; 




m Q 
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and from Rule 22, Art. 96, 

E = ILQim + h'm'); 
so that the correction C (= E — P) becomes 

Rule 30: ^ £ (ft - h') {m — mf). 



CHAPTER IV. 

APPLICATION OF THE AVERAGE END AREA METHOD WHEN 
THE TRANSVERSE SLOPE OF THE GROUND IS MEASURED. 

118. Preliminary Estimates of Quantities. — After the profile 
of the hne of road has been measured and plotted, a grade line is 
assumed and drawn, and then the center heights of cut and fill 
are measured, equaling the vertical distances at the stations 
between the grade hne and the profile. The customary cross- 
sectioning (Art. 27) could not be done in the field, since the grade 
line was not known, and therefore, owing to the lack of data, it 
is often assumed that the ground is level transversely, and the 
formulas for level sections are used. 

To facilitate the computation, take a slip of paper divided on 
the same scale as the vertical scale of the profile, the division 
lines being parallel to the shorter side of the slip. Consider the 
distance from any division line to the base of the slip as repre- 
senting the center height of a level section, and write on this 
division Une the volume of a right prism with this level section 
and a length of 50 feet, or of 100 feet, as may be desired. Then, 
by placing the base of the shp on the grade line, the correspond- 
ing volume for a full section may be read by noting the point " 
where the profile meets the slip. A separate slip will be neces- 
sary for each combination of width of road-bed and side slope 
ratio. 

It is evident that the preceding method gives only a rough 
approximation to the truth, and hence the method of transverse 
slopes is adopted to secure increased accuracy at a small addi- 
tional expenditure of labor. If the transverse slopes are meas- 
ured (Art. 119) and the center height is afterwards determined 
from the profile and the grade line, the section really becomes 
a three-level section, so that the true area of the section, and 
the volume of the corresponding right prism, may be determined 
more closely than by assuming the surface to be level. 
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119. Method of Transverse Slopes. — The transverse slope of 
the ground on either side of the center line may be determined 
in one of two ways: (a) the angles 0' and <f)" (Fig. 64) may be 
measured with a clinometer, or (6) the rise or fall in going a 
given horizontal distance, say 10 or 20 or 30 or more feet, from 
the center may be measured, and then the tangent of the angle 
4>' or ^" found by dividing the rise or fall by this horizontal 
distance. 

We shall consider the area on one side of the center height 
Cfi, the resulting formulas being applicable to either side when 
the proper value of the angle ^ is used. Multiplying this area 
by ^L will give the volume of a right prism with this cross- 
section and with the length |L. 

If the center is in cut and the surface recedes from the road-bed 
as it leaves the center line, as shown on the right of Cfi in Fig. 64, 





Kg. 66. 



the corresponding area GfiBQ of the cross-section will be entirely 
in cut; or, if the center is in fill and the surface recedes from the 
road-bed, the area will be entirely in fill. 

If the surface is level, the area will be entirely in cut when the 
center is in cut, and entirely in fill when the center is in fill. 

If the surface approaches the road-bed, several cases may 
arise: 

(a) The center in cut, and tan ^ < c 4- ^ Wc.* — The surface 
does not intersect the road-bed, and the area is entirely in cut, 
Fig. 67. 



* Wc = width of the road-bed in cut; w/ = width of the road-bed in fill; 
in practice, Wc > wy. 
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(&) The center in cut, and tan ^ y c ^ ^ Wc. — The surface 
intersects the road-bed, but the area is entirely in cut unless 
tan > c -j- i w; when some fill is necessary. Figs. 68 and 69. 

(c) The center in fill, and tan <p < c -h ^ Wc. — The surface 
does not intersect the road-bed, and the area is entirely in fill. 
Fig. 70. See (a). 

{d) The center in fill, and tan (p y c -i- ^ Wc- — The surface 
intersects the road-bed, and the area is partly in fill and partly 
in cut (only fill when tan (j) = c ^ ^Wc). Figs. 71, 72, 73 and 74. 

130. When the Surface Recedes from the Road-Bed. — In 

Fig. 65, the area CC^QB is equivalent to the area CVB less the 
area C,QF. We have 

Area CVB = i {c, + c) VN. 
But NB = VN tan NVB = VN X s', 
and also NB = VC + N'B = c^ + c + VN tan ^. 
Equating the two values of NB and solving, 
yjV = ^+ ^ 



s' — tan ^ ' 
and hence the area CVB is 

^ (c„ + cY _ 
' s' — tan <f> 

The area CfiV is i VC^ . Cfi = i c„ w = ^ w^s', and hence we 
have 

AreaCC,QB= 1 ^1^- l^s', 

this formula being true for both cut and fill, 
when the corresponding values of w, s' and c, 
are used. _ '^ 




131. When the Surface is Level. — In Fig. 66, 
the area CC^QB is 

I (c„ -f- c)^ s - I wW Kg. 66. 

this formula being true for both cut and fill, when the correspond- 
ing values of w, s and c^ are used. 
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133. The Center in Cut, the Surface Approaching the Boad- 
Bed. — (a) When the surface does not intersect the road-bed 
(tan^< c ^ iWc). — The area CCfiB (Fig. 67) is equivalent to 
the area CVB less the area C^QV. We have 
Area CVB = H^o + c) VN. 

But NB = VN tan NVB = VN X s', 

and also NB = NN' - BN' = c^ + c - VN tan 4>. 

Equating the two values of NB and solving, 

VN = -5fl-+_£-, 
s' + tan 4> 
and hence the area CVB is 

s' + tan ^ 





Kg. 67. 



'JH^Mc 



Fig. 68. 
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The area C^QV is J wV, and hence we have 



Area CC^QS = 



1 (Cg + cY 



i w's'. 



^ s' + tan<t, S 

(6) PF^en i/ie surface passes through the edge of the road-bed 
(tan ^ = c -T- ^ w„). — In Fig. 68, 

Area CC,Q = | 



tan <^ 



(c) TF^en i/ie surface intersects the road-bed (tan > c -;- ^ liij). 
— (1) The area in cut in Fig. 69 is 

Area CC,B = | ——- ■ 

(2) There will be an area in fill when tan ^ > c -=- ^ w/, found 
as follows: 

The area BQB' (Fig. 69) is equivalent to the sum of the areas 
VB'C and CBC^ less the area VQC^. We have 

Area VB'C = Hc„ - c) VN. 
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But B'N = VN tan NVB' = VN X s', 

and also B'N = CV + B'N' =^ c, - c + VN tan 4>. 

Equating the two values of B'N and solving, 

VN = ' 



tan (j) 
and hence the area VB'C is 

^ (gn - cY _ 
s' — tan KJ) 

The area CBC, = 4 — ^ , and the area VC,Q = 4 vi's'. 
tan 

Hence we have 

Area BQS' = | i^l^iL + |^ _ | «,v 
^ * s' — tan ^ * tan ^ * 

where the values of w, s' and c^ are those for a fill. 

133. The Center in Fill, the Surface Approaching the Boad- 

Bed. — (a) When the surface does not intersect the road-bed 





Figs. 70, 71, 73, 73, 74. 

(tan ^ < c -T- \Wc). — The formula of Art. 122(a) is applicable 
to Fig. 70. 

(6) When the surface passes through the edge of the road-bed for 
cuts (tan cf) = c ^ iWc). — The half cross-section in fill in Fig. 71 
is given by the formula of Art. 122(a). There is no cut. 

(c) When the surface cuts the road-bed between the edges of the 
road-bed for cut and that for fill (c -4- ^ w^ < tan ^ < c -^ ^ tty) . — • 
The area in fill in Fig. 72 is given by the formula of Art. 122(a). 
The area in cut is given by the last formula in (2) of Art. 122(c). 

(rf) When the surface passes through the edge of, or intersects, the 
road-bed for fUl (tan ^ ■> c -^ ^ wy). ^ The area in fill in Figs. 73 
and 74 is given by the formula in (1) of Art. 122(c), and that in 
cut by the last formula in (2) of Art. 122(c). 

Note. — In applying the foimulas of Art. 122 when the center is in fill, 
the values of w, s' and c„ should be those for a fill except in the last formula 
in (2) of Art. 122(c) where they should be those for a cut. 
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134. Summary. — Let the center height in cut be he, the 
volume in cut be F^, and the width of the road-bed in cut be 
Wc, the subscript c denoting that the quantities are in cut. Simi- 
larly let hf, Vf and W/ be the corresponding quantities in fill. 
Then the height in cut h^ and the volume in cut Ve have like 
subscripts c, and the height in cut h^ and the volume in fill Vf have 
unlike subscripts c and /. In this sense let 

Vi = volume with subscript like that of the center height, 
Va = volume with subscript unlike that of the center height, 
Wi = width of road-bed with subscript like that of the center 

height, 
Wu = width of road-bed with subscript unlike that of the center 

height, 

and so also with the other letters. 



I. Surface recedes * from the road-bed. f 

II. Surface level, f 

Fi = I i (co + cy s, - ^ Zw,W. Uo = l^l- F„ = 0. 

ni. Surface approaches f the road-bed. | 
(o) tan <l> < e -i- ^ wi; 






4 si + tan <^ 



[-5J- 



i 



(c) tan<^ > c -^ |w„;t 

X, (cq ~ cy , L c' 1 ^ J , r w„"| 

^" -4 «/-tan.#, +4 ti^" ^^«'"' *- ["» = ¥7J 

135. Example 1. — The road-bed in cut being 18 feet wide, 
and in fill 14 feet, and the side slope ratio 1 to 1 in cut (s„ = 1) 

* In going away from the center C. 

t A Lw's' = i G. 

i y„ = in Cases I and II, and also in Case III unless tan > c -f- ^ io„. 
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and li to 1 in fill (s/ = |), let the notes for a cross-section 

be 

Slope. Center Height. Slope. 

3.0 ,on ,0.25 

~W +^^ +10" 

the minus sign of the slope indicating that the ground goes down 
from the center, and the positive that it goes up. Let the dis- 
tance to the adjacent section be 60 feet, so that L = 60. 

The center is in cut. On the right the ground rises and hence 
recedes from the road-bed; therefore we use the formula of Case I. 
On the left the ground approaches the road-bed, so that Case III 
is applicable; then 

cH-iiyi= 30-5-9 = 3.33 -1- , and tan 9!) = — = 0.3, 

so that we use the formula of Case III (a) ; also 

c-^^w„=30^7 = 4.28 + , and tan <j> = 0.3, 

so that Case III(c) does not apply, and hence there is no volume 
in fill. 

Since, for the volume in cut, Cg=Wc^2 8^=18 -i- 2 = 9, we have: 
On left, s,' + tan ^ = 1 + 0.3 = 1.3, c^ + c = 39; 

. 1 60 39' „-„ , ^ 

••27 T Is = 650 cu. yds.* 

On right, s/ - tan ^ = 1 - 0.025 = 0.975, 

J_ 60 _39^_ 866fcu.yds.* 
27 4 0.975 ^ ^ 



lOiDf 

2 X i G, = 2 X liV X T^ff X 60 X 18^ X 1 = 90_ cu. yds.* 

.•. Volumet = 1426f cu. yds. 
136. Example 3. — The road-bed in cut being 28 feet wide, and 
in fill 20 feet, and the side slope ratio 1 to 1 in cut (s^ = 1) and 
1^ to 1 in fill (s/ = I), let the notes for a cross-section be 
Slope. Center Height. Slope. 

-^ +2.0 +^ 

10 10 

the distance L to the adjacent section being 60 feet. 

* The factor ^V is introduced to reduce to cubic yards. These results 

may be obtained mechanically by the use of the Crockett Volume Slide Rule. 

t Of a right prism with the given cross-section and length J L = 30 feet. 
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The center is in cut. On the right the ground rises and there- 
fore recedes from the road-bed; hence we use the formula of Case I. 
On the left the ground approaches the road-bed, so that Case III 
is applicable; then 

c -J- i M), = 2 4- 14 = 0.14 +, and tan <j) = 0.6, 

so that we use the formula of Case III(&) to find Vi, the volume 
in cut; also 

c-4-^w)„=2-J-10 = 0.2, and tan ^ = 0.6, 

so that Case III(c) is applicable, giving a volume y„ which in 
this example will be in fill. 

For the volume in cut, s/ = s/ = 1 and c„ = 28 h- 2 = 14; 
and for that in fill, s„' = s/ = f and c„ = 20 -;- 3 = 6.7 approxi- 
mately. Hence we have, for the volume in cut, - 

On left, J_ JQ ^ ^ 3Hcu. yds.* 

y ' 27 4 0.6 

On right, s/ — tan^ = 1 — 0.5 = 0.5, 

Co -t- c = 16; 

1 60 16' „o^4 A * 

■ — • ■ — — = 284* cu. vds.* 
27 4 0.5 ^ ^ 

288^ 
i (?i = A X II X 28' = 1081 ' cu. yds.* • 
.". Volume t in cut = 179^V cu. yds. 

For the volume on the left that is in fill (F„), by Case 111(c), 

s„' - tan <j!) = I - 0.6 = 0.667 - 0.6 = 0.067, 

c„ - c = 6.7 - 2 = 4.7; 

1 60 4.7^ 10Q o J * 

— — ■ = 183.2 cu. vds.* 

27 4 0.067 •^ 

1 60 2' „ „ , ^ 

-t:;; —r tt;; = 3.7 cu. yds.* 
27 4 0.6 

186.9 

i (?„ = A- X !^| X 20' X 0.667 = 37.1 cu. yds.* 

.". Volume t in fill = 149.8 cu. yds. 

* TKe factor ^V is introduced to reduce to cubic yards. These results 
may be obtained mechanically by the use of the Crockett Volume Shde Rule, 
t Of a right prism with the given cross-section and length i L = 30 feet. 
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137. The Position of the Slope Stake in these cases is as follows : 

I. When the surface recedes from the road-bed. 

c "4- c 

Distance out = — — " -; 

Sj — tan <p 



Elevation = ,^'^" + '^^ , s,' - c„. \c„ = ^l 
Si'~ t&n<f> " L 2s,J 



II. When the surface is parallel to the road-ied. 
Distance out = (c„ + c) Si ; Elevation = c. 



III. When the surface approaches the road-bed. 

(a) tan d)<c -i- i w,; Distance out = ^^-^ : 

Si + tan (p 

Elevation = -^si±^s/ - c.. \c„ = -^1. 
s/ + tan ^ ' " L ° 2 sJ 

(b) tan<j) c; c -r- i w,: Distance out = : Elevation = 0. 

-^ tan (p 

(c) tan^ > c -=- i w„; Distance out* = ^ ^ ■ 

s„ — tan 9 

Elevation* = ^'''> ~ ^^ , s„' - c„. [c. = -^ 1 . 
s„' - tan ^ " ° L ° 2 sJ 

138. Example. — The road-bed in cut being 28 feet wide, and 
in fill 20 feet wide, the side slope ratio in cut 1 to 1 and in fill 1^ 
to 1 (horizontal -h vertical), let the notes for a section be 



Slope. 


Center Height. 


Slope. 


6.0 
10 


+ 2.0 


+ 50 
10 



(1) On the right. — The center is in cut, and the surface slopes 
upwards and hence recedes from the road-bed, so that Case I is 
applicable; c„ = J w = 14, s' = 1, tan ^ = 0.5; c^ + c = 16, 
s' — tan (f> = 0.5. 

.'. Distance out = — = 32.0 ft. 
0.5 

Elevation = 32.0 X 1 - 14 = + 18.0 ft. 

* Note that the point B' in Fig. 69 is on the opposite side of the road-bed 
from C. 
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(2) On the left. — The center is in cut, and the surface slopes 
downwards and hence approaches the road-bed, so that Case III 
is applicable. Then ^ Wi =14, and therefore 

c^^w,= 2-hl4= 0.14 +, and tan (f> = 0.6, 

so that Case 111(6) is used. 

2 
.■. Distance out = — =34- ft. to where elevation = 0, 
0.6 ^ 

that is, to the point B in Fig. 69. 

Moreover, since ^ w„ = 10, 

c -^ iw„ = 2 -^ 10 = 0.2 and tan (f> = 0.6, 

so that Case III(c) is applicable. Since s„ = |, c^ = 10-5- f = 6f , 

c^- c= i%= Y; s„' - tan ^ = J - A = iV- 

.-. Distance out = ^ = 70.0 ft. 

Elevation = 70.0 X f - 6f = - 40.0 ft., 

the negative sign being used because the point {B' in Fig. 69) is 
in the fill. 



CHAPTER V. 
THE CORRECTION FOR CURVATURE. 

129. The Cross-Sections. — When the road-bed is curved, it 
is customary to measure the cross-sections in radial planes, 
instead of at right angles to the chord, then computing the 
volume as though the solid were straight, and applying a correc- 
tion for curvature. 

Thus, in Fig. 75, where P is the center of the curve, the arcs 
CjCj', LL' and RR' are the center and 
the side lines, respectively, of the road- 
bed, the radius PC^^ is R, and the length 
of the chord CjC^' is L. The cross-sec- 
tions are measured in the radial planes 
PC^ and PC^', A, B and A', B' being the 
points where the side slopes meet the 
surface. Hence, if AA' and BB' are 
the lines cut from the surface by the side 
slopes, the required volume is bounded 
horizontally by ABB' A'. 




Kg. 75. 



130. TheTwo Methods of Computing the 
Correction for Curvature. — It is evident 
from the conditions arising in practice 
that the positions of the lines AA' and BB' can be determined 
only approximately, so that an approximate value of the cor- 
rection for curvature is all that is attainable. Two methods of 
determining this correction for curvature are in use, the resulting 
correction not necessarily being the same in the two cases. 

First. — Each radial cross-section is revolved about the vertical 
line through the center of the road-bed until it is at right angles 
to the chord, and the correction for curvature is assumed to be 
the sum of the volumes described by the portions of the cross- 
sections outside the center line of the road-bed (that is, by C^B 
and Cj'B') diminished by the sum of the volumes described by 

73 
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the portions of the cross-sections inside the center line of the 
road-bed (that is, by C^A and C^'A'). This method is considered 
in Art. 131 et seq. 

Second. — The longitudinal edges AA' and BB' are assumed 
to be curved lines, determined by the property that the change in 
the elevation above the road-bed, and that in the corresponding 
distance from the center of the curve, shall be proportional to 
the change in the angular distance from a measured cross-section. 
The volume is theii determined by the principle that the volume 
described by any moving area equals the product of the area by 
the distance, at right angles to the area, traversed by the center 
of gravity. This method is considered in Art. 135 et seq. 

THE FIRST METHOD. 

131. Three-Level Sections. — Let two planes AoC^Bg and 
Ao'C/B^', Fig. 75, be passed perpendicular to the chord L, and 
let the plane sections AB and A'B' be revolved about the vertical 
lines through C^ and C/ respectively until AB coincides with A^B^ 
and A'B' with A/S/. Then the volume bounded by A„B„B/A/ 
is computed as a straight solid with the length L and with the 
given cross-sections; and it is assumed that (to find the vol- 
ume * ABB' A') the correction to be added at the end Cj is the 
volume BC^B^ less the volume AC,A„, and at the end C/ it is the 
volume B'C^'B^' less the volume A'C/A/f- 

In Fig. 75, let the angle C^PC^ = 6; then Afi^A = Bfi^B = 

A/C/A' = B'C^'B' ^\e. Also, sin i ^ = i| , and therefore, 

since d is small, approximately 6 = —■ 

R 

In Fig. 76, let ACBRL be the cross-section made by the vertical 
plane PC^ (Fig. 75), A >)eing the point inside the curve and B the 
point outside. Through C draw CA^ so that the angle CfiA^ = 
CjCA. Then, if the cross-section be revolved about Cfi through 
the angle \ 6, the correction at C^ will be the volume generated 
by CCfiB less the volume generated by CCJjA, and hence it 
equals the volume generated by CA^B. This volume equals the 
portion of a frustum of a cone described by FA^BG diminished 

* The volumes are bounded horizontally by the figures named. 

t Field-Book: fob Railroad Engineers, by John B. Hence, 1854. 



THE CORRECTION , FOR CURVATURE 



76 



by the sum of the portions of the cones described by CBG and 
CA,F, or 

H.-.,[,.|+i.|H^4.i(4-')'|] 

-i(&-c)i'^|-*(c-a)iP|, 

or ^g (r + 1) [c {r - I) + bl - ar]. 

But bl -ar = b ^ w + as) - a ^ w + bs) = i w {b - a), 



and 



d 




Hence the correction, at one end of the solid, becomes 



Corr. 



■ {r + l)[c {r - f) + i w {b - a)] 



(14) 



13 JJ 

Eq. (14) may be written 

Corr. = ^1^ Fc (r + I) (r -I) + ^ w {r + I) ^H* 

CEa + lO) (15) 



Corr. 



r-l L 
3B 
r-l 



where B^ is the volume of a right prism with the given cross- 
section ACBRL and length ^ L, and G is the volume of the grade 
prism with length L. 

To find the volume between the radial planes PB and PB', find 
separately, by Eq. (14) or by Eq. (15), the correction at each 
radial plane, and add them algebraically to the "straight volume.'.' 



* Or, correction 
be easily derived. 



X, (j. + n (r — V) 
rr-5 (c + Co), from which Eq. (15) may 



76 



EARTHWORK COMPUTATIONS 



The total correction at any station, or at any sub-chord station 
is found by Eq. (14) or by Eq. (15), provided that L is the sum 
of the lengths of the adjacent chords. 

The total correction at any tangent point is found by Eq. (14) 
or by Eq. (15), provided that L is the length of the adjacent 
chord. 

If, in Eq. (15), E^ and G are expressed in cubic yards, the cor- 
rection will also be in cubic yards. 

Note 1. — In using Eq. (14) or Eq. (15), remember that r is always the 
distance out to the slope stake on the outside of the curve, and that the cor- 
rection is to be added algebraically to the straight volume. 

Note 2. — When the cross-section is irregular, an approximate value of 
the correction may be determined by first finding the dimensions of a two- 
level or of a three-level cross-section whose area equals that of the given 
cross-section, by the methods given in Appendix II, and then using this 
equivalent section in the formulas of Art. 131. 

132. Special Case. — When the cross-section of the surface is a 
single straight line. — (1) If, in Fig. 76, ACB is a single straight 
line, the correction will still be given by Eq. (14) or by Eq. (15). 




Fig. 77. 




(2) When the cross-section is like either Fig. 77 or Fig. 78, 
the correction is 

L b m{r -\- w — m) 
12 R ' 



r + w — m, 
3 M 



E. 



'Hf 



where E^ is the volume of a right prism with the cross-section BDR 
and length J L.* 

* The correction is added algebraically to E^ when B is the outside slope 
stake, and subtracted algebraically when B is the inside slope stake. 
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133. Special Case. — When the cross-section is like Fig. 79 or 
Fig. 80, the correction is 



12 R 48 i2 



or 



-!L {E^ + l G) 



6jB 



(|G) 



where E^ is the volume of a right prism with the cross-section 
CCfiB and length ^ L. See the foot-note on page 76. 



if" / 


1 


c 




Xw / I* 


c 
c 
Ci 


»l^^\B 


R 
Kg. 79. 




c 


1 R 
Fig. 80. 


« «10 » 

Kg. 81. 



134. Special Case. — When the cross-section is like Fig. 81, 
the correction is j^ ,,^2^ 

V2R 

or JIL E^ 

3 JS 

where E^ is the volume of a right prism with the cross-section 

CC^B and length ^ L. See the foot-note on page 76. 

'I 

B- 

THE SECOND METHOD. 

135. Three-Level Sections. 

— In Fig. S2, which is a 
horizontal projection, let P 
be the center of the curve 
C^'Cr^C^", L'LL" and R'RR" 
the sides of the road-bed, 
and A'AA" and B'BB" the 
curves in which the side 
slopes intersect the surface 
of the earth. The end sec- 
tions of the curved prismoid 
are A'L'C^'R'B' and A''L"C^'R"B", PM is a vertical plane through 
the middle point Cm of C^'CmCfi/, while ALCJtB is the section 




Kg. 82. 
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cut by any radial vertical plane PQ. This section, made by the 
plane PQ, will be in the form ALCJiBCA, shown in Fig. 83, 

where the triangle LCJiV is 
formed by prolonging the side 
slopes AL and BR to their in- 
tersection with CCy 

In this method it is assumed 
that the change in elevation, 
above the road-bed, along the 
lines A'AA", C^CJO;' and 
B'BB", is directly proportional 
to the angular distance, about P, 
from the end section A'L'C^'R'B'. The derivation of the formula 
depends upon the fact that the volume described by any moving 
area equals the product of the area by the distance traversed by 
its center of gravity, at right angles to the area. We shall first 
consider the volume corresponding to the complete section AVBC, 
deducting from the final result the volume corresponding to the 
triangle LVR. 

Let R be the radius of the curve CIGJD", and L the length 
of the arc C^'CmC^'; a', h', c', V, r' the side and center heights 
and the distances out in the section PA'B'; a", b", c", I", r" those 
in the section PA"B"; a, b, c, I, r in PAB; and a. 
PA„,B^. Then 



^mi ^Ttif ' 



L 



in 



Am = i (a" + a'), b„,= i {b" + b'), c^ = i (c" + </). 
lr.= i Q" + I'), r^=i (r" + r'). 
Let Da = a" - a', D„ = b" - V, D, = c" - c', 
D, = I" - I', D, = r" - r', 

and let CmC,^ = x, measured along the curve C^CmC" from the 
mid-section. 



a ^= ar. 



1= Ir 






r= r. 



^ L ' 



+ 



The perpendicular distance from any line in the plane of a 
triangle to its center of gravity is one third of the sum of the 
distances from the line to the three vertices of the triangle. Hence, 
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considering a vertical line through P, the distance to the center 
of gravity of AVC is 

i(?R- I), 

and that to the center of gravity of BVC is 

* (3 « + r). 
We also have 

Area AVC = il{c„ + c) 

and Area BVC = i r (c„ + c). 

Hence, denoting the area of AVBC by A, we have 
A = i{r + l) (c„ + c). 

If P is the horizontal distance from P to the center of gravity 
of AVBC, 

pA =i[{3 R-l)l+ i3R + r)r]{c,+ c) 
= i [3 iJ (c„ + c) {r + l) + (c„ + c) ir^-P)] 
= i [6 iJA + (c„ + c){r + I) (r - I)] 

= BA + iic, + c) (r + I) /r„ - C + ^'- ~ ^' a;) 

= BA +i(c„ + c) (r+Z)(r„-Z„)+i(c„ + c)(»-+0 ^=^a; 



i(co + c„, + ^x\ ^„ + Z„ + ^^—^ xV 



L 



X. 



If the radial section ALCJtB (Fig. 82) be revolved, about a 
vertical line through P, through a distance dx along the line 

CjCi", the center of gravity will move through the distance ^ dx, 

R 

and the volume described will be 

dV = ''-Adx. 
R 

In integrating between these limits, the terms in the final integral 
containing the even powers of x will cancel each other, so that, 
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retaining only the even powers of x after the integral sign, we 

have 

y =ll j^ '•m -Im \ C'^^^A dx 

If P is the volume of the straight solid above the road-bed, 
according to the prismoidal formula, with these cross-sections 
and with the length L, and G is the volume of the straight grade 
prism with the length L, 

Adx = P + G. 

The curved grade prism, whose volume also equals G, must 
be subtracted from V to obtain the volume above the road-bed, 
so that the expression for this volume ( = T — (?) becomes 

and hence the correction, additive to the straight volume by the 
prismoidal volume, is 

'^'f^(P + G)+ %^ [(c„ + (2), + A) +D, {r^ + U] L. 

Assuming that the length of the arc C^'CmP^' is practically equal 
to the chord C^'C^', and that the second term is negligible, the 
correction to the straight volume determined by the prismoidal 
formula is 

Corr. = (rl±rl^i£±£) (^ + «) . . . (16) 
G B. 

added algebraically, provided that r is outside the curve and I 

is inside.* 

Note. — The point A may coincide with the point L, and B with R 
(Fig. 83). 

* See Computation op Earthwork, by John Warner, page 284 et seq. 
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136. Special Case. — When the cross-section of the surface is a 
^ngle straight line. — (1) If, in Fig. 83, ACB is a single straight 
line, the correction will still be given by Eq. (16). 





«^«) 



Fig. 84. 



D Ci R 

Fig. 85. 



(2) When both end sections are Uke either Fig. 84 or Fig. 85, 
so that the corresponding straight sohd would be like Fig. 86, 
the correction is 

2 w + r + r" - {m + m") 



6 JB 



F, 



added algebraically when B is outside the curve, and subtracted 
when it is inside. 

Note. — The triangle D'B'E' may reduce to a straight line, either D'R' 
or R'B', or to a point R'. 

137. Special Case. — When both end sections are like Fig. 87, 





so that the corresponding straight solid would be like Fig. 88, 
the correction is 

en en * 

added algebraically when B is outside the curve, and subtracted 
when it is inside. 

Note.— Either end may be a triangle, B coinciding with R, or a straight 
line, Cb coinciding with C,fi. 



82 



EARTHWORK COMPUTATIONS 



138. Special Case. — When both end sections are hke Fig. 89, 
so that the corresponding straight solid would be like Fig. 90, 
the correction is 



6 JS 



P, 



added algebraically when B is outside the curve, and subtracted 
when it is inside. 




C, BR 



Fig. 89. 




Note 1. — The triangle C-IC'B' may reduce to a straight line, either 
Ci'C or C,'B', or to a point C/. 

General Note. — When the cross-section is irregular, an approximate 
value of the correction may be determined by first finding, at each end, 
the dimensions of an equivalent two-level or three-level section, by the methods 
given in Appendix II, and then using these equivalent sections in Eq. (16). 



CHAPTER VI. 
THE CROCKETT VOLUME SLIDE RULE. 

139. Application. — This instrument * enables the engineer to 
determine mechanically the value of any one of the expressions 
in Appendix III, for aU values of the factors and without any 
danger of confusion in placing the decimal point, the error in the 
result not exceeding perhaps 1 in 400 or 1 in 500. 

140. Description. — The instrument consists of a cardboard 
disk, fifteen (15) inches in diameter, called the Base, and, con- 
centric with the Base, a second cardboard disk, twelve and one- 
half (12^) inches in diameter, called the Rotator, which may be 
rotated about an axis through the centers of the two disks. A 
strip of transparent celluloid, rotating around the same axis, 
extends beyond the scales on the Base, and is marked with a 
radial line called the Mark, which enables the user to note the 
points, on the scales, which lie in the same radial line. 

The Base bears two closed circular logarithmic scales; on the 
outer, called S, the numbera range from 4 to 400; and on the 
inner, called A, they vary from 1 to 10,000. 

The Rotator bears three closed circular logarithmic scales, 
called B, E and P, on which the numbers range from 0.1 to 1000. 
P is used in connection with the prismoidal formula, while E is 
more closely connected with the average end area method. 

When the mimber to be found on S is less than 4, multiply it by 100; and 
if it is greater than 400, divide it by 100. When the number to be found on 
A is less than 1, multiply it by 10,000; and if it is greater than 10,000, divide 
it by 10,000. When the number to be found on B, E or P is less than 0.1, 
multiply it by 10,000; and if it is greater than 1000, divide it by 10,000. 

When the value of the expression, found on A, should be less than 1, 
divide the reading on A by 10,000; when it should exceed 10,000, multiply 
liie reading by 10,000. When the value of the expression, read on B, E or 

* Manufactured and for sale by W. & L. E. Gurley, Troy, N. Y. 
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P, should be less than 0.1, divide the reading by 10,000; when it should be 
greater than 1000, multiply the reading by 10,000. 

On scale A, the distances from the initial point, marked 10,000, to the di£fer- 
ent numbers are proportional to the logarithms of these numbers, that is, 
to log X. On scale S, the distances are proportional to the logarithms of the 
squares of the numbers divided by 108, that is, to log (y' -i- 108). The 
initial points of scales S and A — that is, the points at which the logarithms 



Base< 



Scale s 
Scale A 



log {» "-1.108),-- 

log X- 

Tig. 91. 



are zero — are in the same radial line, the initial point of A being in the 
same radial line with the number y = V^IOS = 10.4, approximately, on S. 

On scale B, the distances from the initial point, marked 1, are proportional 
to the logarithms of the corresponding numbers, that is, to log r. On scale 
E, the distances are proportional to the logarithms of 108 divided by the 
corresponding numbers, that'is, to log (108 -i- u), and on P to the logarithms 



t 



-log ) 



-log(108-i-u) 



— aoB.C324-7-v) > 

Tig. 92. 



Scale B 
Scale E 
Scale p 



of 324 divided by the numbers, that is, to log (324 -h v). The initial points 
of the three scales B, E and P — that is, the points at which the logarithms 
are zero — are in the same radial line, so that r = 1 on B, m = 108 on E and 
i; = 324 on P are in the same radial line. 

On scales S and A the distances are laid off in the clockwise direction, 
while on B, E and P they are laid oft in the counter-clockwise direction. 
Thus, if I represents the initial point of the scales, the arrangement of the 
scales on the Base is shown in Fig. 91 and that of the scales on the Rotator 
in Fig. 92. 



Since the scales are logarithmic, the instrument performs the 
operations of multiplication and division by the mechanical 
addition and subtraction of logarithms. 
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APPLICATION TO CHAPTERS I, II AND III. 

141. The Rules in Chapters I, II and III. — Each of the rules in 
these chapters, excepting Rules 9, 10(a), 19(c), 20, 21(a), 27(c), 
28 and 29(a), after dividing by 27 to reduce to cubic yards, involves 
the determination of the value of the product of three factors 
divided by either 324 or 108, and the scales A, B, P and E were 
selected and arranged so as to determine these values. 

143. Use of Scales A, B and E, and of A, B and P. — Scales 
A, B and E are used to find the value of the product of three 
factors divided by 108, while A, B and P are used to find the 
value of the product of three factors divided by 324. 

For example, to find the value of — — — — , first note, 

^ 108 

on scale A, the position of the line numbered 40; then move the 

Rotator until the line, on scale B, numbered 50 is in the same 

radial line with this 40; then, keeping the Base and the Rotator 

unchanged relatively, place the Mark over the line, on scale E, 

numbered 60; and read on scale A the number corresponding to 

this position of the Mark, this number 1111^ being the value of 

the expression. 

The word "opposite" being used as meaning "in the same 

radial line with," the preceding paragraph may be stated as 

follows: 

Opposite 40 on A, set 50 on B; 

0pp. 60 on E, read the value on A. 

To find the value of 40 X 50 X 60 ^ ^^^ ^^^j^ p iog^g^j ^f 
scale E: 

0pp. 40 on A, set 50 on B; 

0pp. 60 on P, read the value 370^^ on A. 

When the scales A, B and E, or A, B and P, are used, the order 
in which the factors are taken does not affect the result; thus, 
find any one of the three factors on A, and opposite it set either of the 
other two facUrrs, found on B; then, opposite the third factor, found on 
E or on P as the case may be, read on A the value of the expression. 
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Note 1. — In using the Elide rule for the determination of the volume by 
Rule 1 or by Rule 14, the result will be more accurate if each height is dimin- 
ished by the height of the lowest vertex in the corresponding end section. 

Note 2. — In using the instrument, it may be found more convenient to 
place the Mark in coincidence with the first factor, found on A, then moving 
the Rotator until the second factor, foimd on B, coincides with the Mark; 
then bringing the Mark into coincidence with the third factor, found on E or 
P, and reading the result on A. 

143. Selection of the Setting. — Although the result is inde- 
pendent of the order in which the factors are used, it will be 
convenient, when two factors are the same for more than one 
prismoid, to use these factors first. Thus, suppose we have a 
number of prismoids with the same length whose volumes are to 
be found by Rule 4. Then, in the first expression under the 
rule, L and J w are constant, so that 

Opposite ^w on A, set L on B; 

0pp. each value of a + 6 + a' + &' on E, read the value * on A. 

In the second expression, L and I + r are the same for two 
adjacent prismoids of the same length, so that 

Opposite Z + r on A, set L on B ; 

0pp. each value of 2 c + c' on P, read the value* on A. 

144. When the Expression Contains the Square of a Factor, it 

is necessary to use the scale S, the setting depending upon the 
form of the expression. We shall consider these settings in detail. 

145. The Grade Prism G. — Since the length L may differ for 
different prismoids, 

0pp. w on S, set s on E; 0pp. L on E, read G on A, 
or 0pp. w on S, set 2 s on E; 0pp. L on E, read ^ G on A, 
or 0pp. w on S, set 4 s on E; 0pp. L on E, read JG on A. 

146. Rule 19(c) . — The method of finding the value f of 

2/ = T*^ L (c + c„)2 (2 s) 

is dependent upon the nature of the work. If a number of pris- 
moids have the same value of L, 
0pp. L on P, set 1 H- 2 s on A; 

0pp. each value of c + c^ on S, read y on P. 

* In cubic yards. f See also Art. 150. 
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If the values of L are unequal, 

0pp. c + c„ on S, set 216 s on B; 

0pp. each value of L on E, read y on A. 

147. Rule 37(c). — To find the value * of 

2/= ji5L(c-cO^ (2 s), 

when a number of prismoids have the same length L, 

0pp. L on P, set 1 -H 2 s on A; 

0pp. each value of c — c' on S, read y on E. 

If the values of L are unequal, 

0pp. c — c' on S, set 216 s on B; 

0pp. each value of L on P, read y on A. 

148. Rules 9, 10(a), 38 and 39(a). — These rules require, 
after dividing by 27 to reduce to cubic yards, the determination 
of the value of the product of four factors t divided by 324, — 
that is, of the value of y when 

_ abed 
^ ~ 324 ' 

This is effected with the slide rule as follows: 

0pp. a on A, set h on B, and bring the Mark to c on P; 
bring d on B to the Mark, and 
0pp. 1 on B, read y on A. 

149. Rules 30 and 31(a). — These rules require, after dividing 
by 27 to reduce to cubic yards, the determination of the value 
of the product of four factors % divided by 108, — that is, of the 
value of y when _ ^cd 

^ " 108 ■ 
This is effected with the slide rule as follows: 

0pp. a on A, set 6 on B, and bring the Mark to c on E; 
bring d on B to the Mark, and 
0pp. 1 on B, read y on A. 

* See also Art. 150. 

t By mentally multiplying one of the factors by s^ —s, we may combine 
two of the factors, and solve with one setting, using A, B and P. 

J By mentally multipljring one of the factors by s, — s, we may combine 
two of the factors, and solve with one setting, using A, B and E. 
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150. Level Sections. — A single setting of the Crockett Volume 
Slide Rule is equivalent to a table of volumes for level sections by 
the average end area method, and the same setting will enable 
the computer to determine the correction in order to find the 
volume according to the prismoidal formula. This setting is as 
follows : 

Opposite 5 s' on A, set L on P; then 

opposite c + c„ on S, read ^ E^ on P, 
or opposite 10 (c + c„) on S, read 10 E^on P; 

opposite c' + c„ on S, read tV E^ on P, 
or opposite 10 (c' + c„) on S, read 10 E^ou P; 

opposite Cg on S, read ^^r G on P, 
or opposite 10 c„ on S, read 5 G on P. 

opposite c — c' on S, read i*,; C on E, 
or opposite 10 (c — c') on S, read 10 C on E. 

Then the volume between the two sections is, by the average 
end area method, 

E=E, + E,-G; 

and, by the prismoidal formula, 

P = E - C. 

Note.— Arts. 142, 145, 146, 147, 148, 149 and 150 include all the settings 
that are needed in determining the volumes discussed in Chapters I, II and III. 

151. Example for Level Sections. — li w = 18, s = 1^, L = 60, 

c = 34 and c' = 64, the volume of the solid is found as follows : 

5 s' = 3J; c„ = w -^ 2 s = 18 -H 3 = 6; 
.-. c + Co = 40 ; c' + c„ = 70; c - c' = 30.* 

Opposite 3 J on A, set 60 on P; 

opposite 40 on S, read on P 266.7; .-. E^= 2667. 

opposite 70 on S, read on P 816.7; .-. E^= 8167. 

opposite 60t on S, read on P 600.0; .-. G = 120. 

opposite 30 on S, read on E 50.0; .". C = 500. 

.-. E = 2667 + 8167 - 120 = 10714 cu. yds. 
P = 10714 - 500 = 10214 cu. yds. 

* Neglect the sign. f 10 Co- 
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APPLICATION TO CHAPTER IV. 

153. When the Transverse Slope of the Surface is Measured, a 
Single Slope on Each Side of the Center, Art. 124. — Consider each 
side of the center separately. 

I. When the Surface Recedes from the Road-Bed. — Compute 
c^=iw,s/. (F„=0). 

Opposite Cg + c on S, set L on B; 

0pp. Si — tan (f) on B, read Vi + ^Gi on A. 

II. When the Surface is Level. — Compute c„ = ^ Wjs/. 
(F« = 0). 

Opposite c„ + c on S, set L on B; 

0pp. Si' on B, read V, + IGi on A. 

III. When the Surface Approaches the Road-Bed. 

(o) tan (f> < c -i- i w,. — Compute c„ = J Wjs/. 

Opposite c„ + c on S, set L on B; 

0pp. s/ + tan ^ on B, read Vi + iGi on A. 

(b) tan (f) "^ c -i- i w,. 

Opposite c on S, set L on B; 

Opp. tan (f) on B, read Vi on A. 

(c) tan ^ > c -^ i w„. — Compute c„ = ^ w)„s„'. 

Opposite c„ — c on S, set L on B; 

Opp. s„' — tan (j) on B, read V^ on A. 

Opposite c on S, set L on B; 

Opp. tan <j) on B, read V^ on A. 

Then F„ = F^ + F^ - i G„. 

To find the values of i Gi and \ G„: 

Opp. Wi on S, set 4si on E; Opp. L on E, read \ Gi on A. 
Opp. w„ on S, set 4 s„ on E; Opp. L on E, read \ G„ on A. 
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153. The Position of tlie Slope Stalce wlien a Single Slope 
is Measured on Each Side of the Center. — The formulas in 
Art. 127 may be solved by the methods indicated in Art. 154. 

ADDITIONAL APPUCATIONS. 

154. Proportion. — To find the value of w = — • 

c 

Opposite a on A, set & on B; 
0pp. c on B, read y on A. 

The setting for y = ah ]s found by placing c = 1, and that for 

y = — hy placing 6=1. 
c 

155. Continued Products. — To find the value of y = , 

ce] 
separate the expression into the product of several fractions, the 

first of which shall be — , and each of the others shall have one 
c 

factor in the numerator and one in the denominator, any one or 
more being unity. In this case 

ab d 1 

Opp. a on A, set b on B, and bring the Mark to c on B; 

bring d on B to the Mark, and then bring the Mark to e 

on B; 
bring 1 on B to the Mark, and Opp. / on B, read y on A. 

156. Correction for Curvature, First Method. — (1) Three Level 
Sections. — Use the following setting: 

Opp. r + I on A, set r — I on B; bring Mark to c + c, on P; 
bring i? on P to the Mark, and 
Opp. L* on P, read the value on A. 

Or, 

Opp. r — Z on A, set 3 fi on E; 

Opp. Bj + i G* on E, read the value on A. 
* Opposite each value. 
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(2) Special Case, Figs. 77, 78. — Use the following setting: 

0pp. m on A, set r + w — m on B; 
bring Mark to 6 on E; 
bring 3 i2 on E to Mark, and 
0pp. L* on E, read the value on A. 

Or, 

0pp. r + M) — m on A, set 3 iJ on E; 

0pp. E* on E, read the value on A. 

(3) Special Case, Fig. 79. — The two terms are determined 
separately; denoting them by i/j and y^, we have: 

0pp. r on S, set c + c^ on B; bring Mark to 1 on B; 
bring dR on E to Mark, and 
0pp. L* on E, read y^ on A. 

0pp. ^w on S, set c^ on B; bring Mark to 1 on B; 
bring 3 iE on E to Mark, and 
0pp. L* on E, read y^ on A. 

Or, 

0pp. r on A, set 3 i2 on E; 0pp. E^ + {G* on E, read y^ on A. 
0pp. ^ w on A, set 3 J? on E; 0pp. ^G* on E, read y^ on A. 

Note that i/a fof * given road-bed, side slope ratio and radius, depends 
only upon L (or G), so that it will be the same for all the solids in which L 
(or G) is the same. 

(4) Special Case, Fig. 81. — Use the following setting: 

0pp. m on S, set c on B; bring Mark to 1 on B; 
bring 3 E on E to Mark, and 
0pp. L* on E, read the value on A. 

Or, 

0pp. m on A, set 3 fl on E ; 

0pp. £j* on E, read the value on A. 

* Opposite each value. 
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157. Correction for Curvature, Second Method. — (1) Three- 
Level Sections. — Use the following setting: 

0pp. (/ + r") - {V + I") on A, set 6/2 on E; 
0pp. P + G on E, read the value on A. 

(2) Special Case, Fig. 86. — Use the following setting: 

0pp. 2w + r' + r" - in' + m") on A, set 6 ii on E; 
0pp. P on E, read the value on A. 

(3) Special Case, Fig. 88. — The two terms are computed 
separately; denoting their values by y^ and y^, we have: 

0pp. r' + r" on A, set 6 i? on E; 
0pp. P on E, read y^ on A. 

0pp. r' + r" — w on A, set 6i? on E; 
0pp. i 6 on E, read y^ on A. 

(4) Special Case, Fig. 90. — Use the following setting: 

0pp. m' + m" on A, set 6 i? on E; 

Opp, P on E, read the value on A. 
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THE HYPERBOLIC PARABOLOID AND THE GENERAL 
APPLICABILITY OF THE PRISMOIDAL FORMULA. 

1. Definition. — The hyperbolic paraboloid is the surface 
described by a straight line which slides along two fixed straight 
lines in such a way that it is always parallel to a fixed plane. 
When the two fixed Unes are parallel or intersect, the hyperboHc 
paraboloid becomes a plane. 

3. Tlie Volume of the solid whose base is a horizontal plane, 
whose upper surface is a hyperbolic paraboloid, whose lateral 
surfaces are vertical planes through the two fixed lines, and whose 
ends are parallel to the fixed plane, is given correctly by the 
prismoidal formula. There are three cases that should be con- 
sidered. 

3. Case I. — Using the rectangular axes OX, OY and OZ, let 
ZOY be the fixed plane;* AB 
and CD the fixed lines {AB is 
not in the plane ZOX);AOJC 
and BLMD the two ends, 
in parallel planes, the perpen- 
dicular distance OK between 
them being L; AOLB and 
CJMD the lateral surfaces; 
EF one position of the mov- 
ing line, and EHIF the trape- 
zoidal section cut by a plane 
parallel to ZOY. 

Let OA = a,OK = L, KL = p, LB = b, KM = S, 
MD = d,OJ = y, JC = c, and OG = x. 

* The fixed plane is here taken to be vertical, but the correct volume 
will be given by the prismoidal formula even though the fixed plane were 
inclined. 
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Then HE - OA: LB - OA = OH: OL = OG : OK 

.-. HE = a + (Jb - a) J . 

Li 

Similarly, 7F = c - (c - d) f , 

Li 

and HI = y - {y - d + fi)y . 

Li 

We shall derive the formula for the volume below ABDC first 
by the method of the calculus and then by the use of the pris- 
moidal formula; the two results will be found to be identical. 

(1) By the Method of the Calculus. — The area of EHIF is 

i {HE + IF) HI = iUa + c) + (jb-a-c + d) ^Jy-{y-d+p) |1 

= i (.a+c) y + i [{b-a-c + d) y- {a+c) (y-5 + i8)]| 
- ^ (6 - a - c + d) (y - 5 + /?) g . . (a) 

If we multiply this by dx, the result will be the volume included 
between the plane EHIF and a parallel plane at a distance dx 
from it. Hence, multiplying by dx and integrating between the 
limits and L, we have 

Volume = i (a + c) y L 

+ \[(b -a-c + d) y - (a + c)(y - 5 +;8) ] L 
-i(6-a-c + d)(y -8 + ^) L, 
which may. be written 

Volume = tV 1/ [ 2 (a + c) y + 2 (& + d) (5 - /9) 

+ {a + c){d - fi)+ (]b + d)y] (6) 

(2) By the Prismoidal Formula. — We have 

Area AOJC = i (a + c) y; Area BLMD = ^ {b + d) {d - p); 
Area mid-section = i (^-±^ + ^A l^^^ + X . 

:. Volume = ^ L [J (a + c) y + 4 (b + d) {d - p) 
+ ^{a+b + c + d){8 -13 + y)], 

which may be reduced to 

Volume = j\ L[2 {a + c) y + 2 Q) + d) {d - /?) 
+ (a + c)(5- i?) + (& + d)y], 

thus giving the same result as that found in Eq. (6) . . Q.E.D. 
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4. Case n. When the Vertical Planes CJMD and AOLB In- 
tersect Each Other. — Eq. (6) will give the difference between 
the volumes above OiVJ and MATL. The proof is as follows: 




rig. 94. 

Considering the section EHIF and representing its distance 
from ZOY by x, we have 

HE = a — (a-6)-2 = a + (6-a)f, as before, 

and 7F = c + (d - c) f = c - {c - d) ~, as before. 

Since m : n — y : P — d, 

we have m + n { = L) : m = y + ^ — § : y, 



so that 
Hence 
HI = 



m = 



Ly 



m — X 
m 



y + p - 



y = y--y = y-(y-(5 + j9)-,as before, 
m L 



Therefore the expression for the area EHIF in Fig. 94 is the same 
as that for EHIF in Fig. 93. 

Considering the section E'H'I'F' and representing its distance 
from ZOY by x, we have 

H'E' = a + (6 - a) I and I'F' = c - (c - d) f , 
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as before; also, 
I'H' 



m L 



+ /^)f, 



or HT = y - (y 

as before.* 
Hence the expressions for the areas EHIF and E'H'I'F', 

\ {HE + IF) HI and i {H'E' + I'F') HT 

are alike in form, being exactly the same as Eq. (a). But the 
area of the cross-section on the right of N, as given by Eq. (o), 
will be negative; so that, when Eq. (a) is multipUed by dx and 
the elementary volumes summed by integration, resulting in 




■-■A- 



!\ 



7-¥ ' 1 

/ /-o'/ No 
III 1° 
II I I I 






^' 



Fig. 95. 



Eq. (6), we obtain the algebraic sum of the positive volume 
above ON J and the negative volume above MNL, — that is, 
the numerical difference of the two volumes. The result given 
by Eq. (6) will be negative when the volume above MNL ex- 
ceeds that above ON J. 

5. Case in. When the Stirface ABDC Intersects the Plane 

XOT. — Eq. (b) will give the difiference between the volume 

* HT is measured in the direction opposite to that of I'H', — that is, 

H'l' is a negative quantity. Note that (y — S + 9) -=■ exceeds i when 

Li 
x> m. 
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above OQRJ (Fig. 95) and that below RQLM, if h and d are 
considered negative, for it may be shown that Eq. (a) will give 
the area of any section EHIF or E'H'I'F', the latter area being 
negative since both I'F' and H'E' are negative. 

This difficulty is avoided in practice by taking the plane XOY 
either entirely above or entirely below the surface ABDC. 

6. General Applicability of the Prismoidal Formula. — If, in 

Eq. (a), we place 

i {a + c)y = A,i[Q, - a - c + d)y -{a + c)(y -d+ ^)]y = B, 
- i (6 - a - c + d) (y - a + ;3) -L = C, 

where -4. , jB and C are constants, the expression for the area of the 
cross-section EHIF becomes 

Area = A + Bx + Cs?, 

and the prismoidal formula gives the true volume. 

It may be demonstrated that the prismoidal formula will give 
the true volume of any solid with parallel ends (either end may 
be a line or a point) provided that the area of every parallel cross- 
section is expressible in the form 

A^i-ea = A + Bx + Cay' + Dx' 

where A, B, C and D are constant quantities.* 

Hence the formula is appUcable to the sphere, the ellipsoid with 
three unequal axes, the oblique elliptic cone, and other solids. 



* One or more of the constants may be zero. 



APPENDIX II. 
APPROXIMATE PRISMOIDAL CORRECTION IN RAILROAD WORK. 

1. When the Longitudmal Surface lines are not Noted in the 
Field, the rules in Chapter III are not applicable, and the true 
prismoidal correction cannot be found. Some of the various 
methods suggested for the determination of an approximate 
value of this correction are given in this Appendix. 

2. Method of Equivalent Level Sections. — The center heights 
ci and c/ of the level sections equivalent in area to the end sec- 
tions respectively are computed, and the prismoidal correction 
is determined by Rule 27. (See Art. 9 of this Appendix). 

3. Method of Center Heights. — The correction is computed 
by Rule 27, assuming that the observed center heights are the 
center heights of level sections approximating to the true sec- 
tions, but not necessarily exactly equivalent thereto. 

4. Method of Center Heights and Total Widths. — In this 
method, for the purpose of computing the correction, the top of 
the cross-section is considered as consisting of two straight lines 
AC and BC, the intermediate points F and G (Fig. 47) being 
omitted, and the correction is determined by Rule 25 for three- 
level sections with two warped surfaces. 

6. Method of Equivalent Sections, Each with One Transverse 
Slope. — In Fig. 96, let ADCEB be the surface of the ground, and 
let the area ADCEBQC^PA be known; we wish to draw a line AeBg 
such that the area of AgBJ^C^P shall equal that of the irregular 
cross-section. Assuming the point Ae on the side slope, at the eleva- 
tion h above the road-bed (Ae may coincide with A), draw the hori- 
zontal line AgM and compute the area of the level section AeMQP; 
subtract this area from the area of the section ADCEBQP, and 
the remainder will be the area of the triangle AgMBe. Divide 
this remainder by i AeM and the quotient will be NBg. Then 
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k =h + NBei the values of k = AjV and r^ = B^V may be com- 
puted; and then that of c* found by using the similar triangles 
whose hypotenuses are AJJe and AgBg. 

Having made these computations, the approximate correction 
may be determined by Rule 24, treating the surface as a single 
warped surface with no longitudinal edges other than the extreme 
edges, or by Rule 25, considering the surface as formed by two 
warped surfaces. 



Note. 
below N. 



If the area AeMQP exceeds ADCEBQP, the point Be will be 



6. Method of Equivalent Three-Level Sections. — Assume a 
center height Cfie (Fig. 96), and by a method similar to that of 
the preceding article deter- 
mine the height A; of a point 
Be such that the area CfieBJ^ 
shall be equivalent to CfiEBQ, 
and also the height h ot & 
point Ae such that the area 
CfieAeP shall be equivalent 
to CfiDAP. The correction 
is then found by Rule 25. 




. .i«W \'/iW /Q 

So ^ 'f" / 



— -— -"B, 



rig. 96. 



Note. — In the preceding articles the side slopes AP and BQ do not 
necessarily meet on the vertical line Cfi. 



WHEN THE GRADE PRISM MAY BE USED. 

7. Method of Equivalent Sections, Each with One Transverse 
Slope. — In Fig. 96 assume the point A^ on the side slope PA at 
the height h, and draw the line AeBe so that the area of AgBeQCiP 
shall equal that of the irregular cross-section. Then the area of 
the triangle AeVBe is 

i UeA^ + BeB^) A,B^ - \ AeA^ .AJ-\ BeB^ . B,V 
= i(}i + c, + k + c^)ih + c, + k + c^)s 

-i(h + c„Y s-iik + c,y s 
= (h + c^) (k + c^) s (a) 
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Let the area ADCEBQC^P be represented by A, and that of the 

grade triangle PVQ by T. Then, the value of h being assumed, 

we have 

le= \w + hs (6) 

Also A + r = (A + c„) (fc + c„) s = (A; + c,) U. 

1 A + T , , 

re= iw + ks (d) 

Also A + T= iVCe Qe + »•.) = i fe + C„) (Z. + Te). 



2{A + T) 
k + re 



■■<^e = ^'Try -^. W 



If the surface is considered as a single warped surface, the 
extreme edges being the only longitudinal surface edges, the 
correction is, by Rule 23, 

C= ^L{w-w') {h.-h' + 1e-1e') + \L {h-h') {k-k^s. 

If the surface is considered as formed by two warped surfaces, 
the correction is, by Art. 109, 



<7=^£(|w-|w') {h- h' + k- k') 

+ i i (ce - c/) [le + re- ii: + rj)]. 



8. Method of Equivalent Three-Level Sections. — In Fig. 96 
assume any point C^ on VC (Cg may coincide with C), and draw 
the line CeA^ so that the area CJJ^PAe shall equal the area 
CC^PAD, and also draw C^Be so that the area CjOfiB^ shall 
equal the area CC^QBE. Denoting the area CC^PAD by A, and 
CC^QBE by Ar and PVC^ = QVC, by i T, we have 

A, + iT^i{Ce + c„) I,. 

... I = 2{A, + iT) 
c« + c„ 

A = (k- iw)s' (g) 
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Similarly ^^ _ 2 {Ar + j T) ^^^ 

c« + c„ 

k = (Xt - ^w) s' (i) 

and the correction is computed by the last formula in Art. 7 of 
this Appendix. 

9. EqulTalent Level Section. — When the grade triangle may 
be used, the height cj, of the level section whose area is equivalent 
to the area A of the given irregular cross-section is 

C£ = V (A + T) s' - c, 
where T= i w^sf. 



APPENDIX III. 



SUMMARY. 



The Notation is as follows : * 

L = distance between the end sections; 

P = volume between the end sections, by the prismoidal for- 
mula; t 

E = volume between the end sections, by the average end 
area method; f 

E^= volume of a right prism with the given cross-section and 
length iL;t 

G = volume of the grade prism with the length L;t 

C=E-PovP=E-C.^ 

s = side slope ratio (horizontal h- vertical) ; 

s' = 1 -T- s; 

Si = tan di', 

c„ = height of grade prism = ^ ws'. 



|A=6' 




aw Ci n'^ 

Kg. 97, 

* In Fig. 97, the straight line CC may or may not be a longitudinal sur- 
face edge. 

^ P, E, G and C are in cubic feet except in this Appendix where they are 
in cubic yards. 
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Measurements in one end section are represented by unprimed 
letters, the same letters primed representing the same measure- 
ments in the other end section, as follows: 
w = width of the road-bed; 
h = height at the end of any longitudinal edge (except the 

" extreme edges ") ; 
hs = height at the end of an extreme edge; 
6/e = horizontal distance between the back and forward edges 

(in the end section), negative when / is left of 6; 
cae = distance out from the center to the edge adjacent to the 
extreme edge, negative if the end of this adjacent edge 
and that of the extreme edge are on opposite sides of 
the center of the road-bed; 
ddh = horizontal distance between the adjacent heights (not 
necessarily at the ends of the adjacent edges); 
dd'= greatest horizontal distance, at the other end, between 
the edges (if more than one) through a height h; 
cah = distance out from the center to the height adjacent to the 
extreme height (not necessarily at the end of the adja- 
cent edge), negative when this height and the extreme 
height are on opposite sides of the center of the road-bed; 
c/e* = distance out, at the other end, from the center to the 
edge through the extreme height h, and farthest from 
the extreme edge, negative when the end of this edge 
and that of the extreme edge are on opposite sides of 
the center. of the road-bed; 
BFH = horizontal distancebetween the back and forward heights, 
in the average end area method, negative when the for- 
ward height is to the left of the back height; 
a,b,c = side heights and center height; 
l,r = distances out to a and 6; 
d,e= heights over the edges of the road-bed; 
5 dsh = sum of the two side heights at the ends of the diagonal 

edges (in both end sections) ; 
Sddo = sum of the distances out to the ends of the diagonal 
edges (in one end section) ; 
5^3= sum of the vertical edges common to three prisms; 
dh = height at the end of a diagonal surface edge; 
R = radius of the curve. 
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I. VOLUME BY THE PRISMOIDAL FORMULA. 

Rule 1. The General Solid. Fig. 17. 



(— when / is left of 6). 
(- when /' is left of 6')- 



Clockwise; for each edge, 
^hLi2h + h').bfe 
^^5 L{2h' + h). bfe' 

Rule 3. The General Railroad Solid. Fig. 20 
For each edge, except the extreme edges, 

^i, L{2h + h'). bfe, 

^h^Li2h' + h).bfe'. 
For each extreme edge, 

^^5 L i2hs + hi') i^w — cae) 

^iiL{2h/ +h,) iivZ-cae') 

v' o' 



(— when cae > J w). 
(— when coe' > iw'). 




Fig. 17. Fig. 20. 

Rule 3. The Railroad Solid with Triangular Surfaces and 
Plane Side Slopes. Fig. 23. 

For each height, except the extreme heights, 

7^5 L {2h) (dah + dd'). 
For each extreme height, 

^ij L (2 h) [(i w - cah) + a u)' - c/e')*]- 

* Omit this parenthesis when no edge other than the extreme edge passes 
through h,. 
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Rule 4. Three-Level Sections, Two Warped Surfaces. Fig. 24. 

^i^Lia + b + a' + b') (^ w), 
^i, L (2 c + c') {I + r), 
5^5 L (2 c' + c) a' + r'). 




Rule 6. Three-Level Sections, Two Warped Surfaces. Fig. 33. 

5J5 L (2 c + c' + 3 c„) (Z + r), 
^i, L (2 (/ + c + 3 c„) y + /), 

\ 108 s/ 
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Rule 6. Three-Level Sections, Plane Surfaces. Fig. 34. 

sh^Lw{a + b + a' + b' + ^dsh), 
^hL{2c) {l + r + %ddo'), 
^h L {2 c') {V + r' + ^ddo). 

Rule 7. Five-Level Sections, Warped Surfaces. Fig. 36. 

T^F L{c + c') w, 
^h L{2d + d') I, 
^i^ L{2d' + d) V, 
^UL{2e + e')r, 
jk L{2e' + e) f. 








Fig. 36. 



rig. 37. 



Rule 8. Level Sections. Fig. 37 
8(a) 



8(b) 



^K L (2 c + c') Q,^r + w), 
[ ^hLi2c' + c) {V + r' + w'). 



^l^ L (2 c + c') [2 {w + cs)l 
^^ L (2 c' + c) [2 («)' + c's)]. 
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Rule 9. When the Side Slope Is Afterwards Flattened 

(s, = tan ©i). Fig. 38. 

^^5 L(2b, + 6/) [b (Sj - s)], 
^ij L (2 6/ + 6,) [b' {s, - s)]. 

Rule 10. Sldhigs (sj = tan 6^). Fig. 39. 

10 (a) sij L [2 (6 + ^) + (6' + 6/)] A, 

3i, L [2 (6' + 6/) + (6 + b,)] A', 
sk L (2 6^ + 6/) [b (s, - 5)], 
^k L (2 6/ + &,) [6' (s, - s)]. 





If— A— »;Qi 



Pig. 38. 



Kg. 89. 



10 (b) When s, = s, 

^i^L[2(b + b,) + (&' + &/)] A, 
^i^L[2(6' + 6/) + (& + 6,)]A'. 

10 (c) When s^^ = s and A' = A, 

T^^ L(b + b, + b' + 6/) A. 
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Rule 11. Borrow Pits. 

11 (a) Triangular Bases, sides L and w. Fig. 40. 

^^5 L (2 «;) [ S Ai+ 2 Sfej + 3 SA3 + 4 2^4 

+ 5 SA5+6 5^8 + 7 SA7+8 SAa]. 

11 (b) Rectangular Bases, sides L and w. Fig. 41. 

yh^Lw[%h^ + 2 2^2+ 3 5^3 + 4SfeJ. 



T 

TO 

{ 


<-L— >J 

\ 


\ 


A 
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\ 


/ 




\ 


/ 


/ 
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\ 





Fig. 40. 





h-t-* 




w 
















D 



Fig. 41, 



Rule 13. Side-Hill Worls, — Triangular Ends, Warped Sur- 
face. Fig. 42. 

■s\^ L(2h + h') m, 

5^5 L(2h' + h) m'. 





Rule 13. Side-Hill Work, — Triangular Ends, Triangular Sur^ 
laces. Fig. 43. 

^i^L{2m) (Ji +dh'), 

■si^L(2m') (h' + dh). 
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n. VOLUME BY THE AVERAGE END AREA METHOD. 

(The volume of a right 
prism with the given cross- 
section and length J L.) 

Rule 14. The General 
Section. Fig. 46. 
Clockwise; for each height, 

-cULh. BFH 
(- when J? is left of B). 

Rule 15 




Fig. 46. 



The General Railroad Cross-Section. Fig. 47. 
For each height, except the extreme side heights, 

ri^Lh.BFH. 
For each extreme side height. 





ri^Lh, iiw- 


- caK) 


(— when cah > ^ lo). 


*r^ 


o 




B 


C 


1 


./T 


K 


^"T^^rji. 


n 


P O Ci 

Hg.47. 


Q R 


N " — 


P Qi Q 

Kg. 48. 





Rule 16. Three-Level Sections. Fig. 48. 

^\^Lc (i + r). 

Rule 17. Three-Level Sections. Fig. 49. 

xHi(c + c„) (Z + r) -\G. 
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Rule 18. Five-Level Sections. Fig. 50. 

x^H L dl, 
tJh Lew, 
zis Ler. 

Rule 19. Level Sections. Fig. 51. 
19(a) xisLc (Z + r + w). 

19 (b) tJ^ Lc[2(w + cs)]. 

19(c) -rHL(c + c„)M2s) -^G. 

Rule 20. When the Side Slope is Afterwards Flattened 

(tan dl = Si). Fig. 52. 

T*^ L &i [6 (s, - s)]. 






rig. S3. Fig. 64. 

Rule 31. Sidings (tani9, = s^). Fig. 53. 
21 (a) T^^ I' (& + &i) A, 

T^y L 6j [6 (Sj - s)]. 
31 (b) If Sj = s, 

T*H -^^ (& + &.) A. 

Rule 32. Side-Hill Work, —Triangular End Section. Fig. 54. 

T^F Lhm. 
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III. THE PRISMODIAL CORRECTION. 

Rule 33. The General Solid. Fig. 17. 
Clockwise; for each edge, 

^i^LQi-h'){bfe-bfe'). 

Rule 24. The General RaUroad SoUd. Fig. 20. 
For each edge, except the extreme edges, 

^i^LQi-h'){bfe-bfe'). 
For each extreme edge, 

^i^ L {hs —h/) [(^ w — cae) — {^v/ — cae')]. 

Rule 35. Three-Level Sections, Two Warped Surfaces. Fig. 24. 

^^5 L{c- c') [{I + r)- {V + /)]. 

Rule 36. Five-Level Sections, Warped Surfaces. Fig. 36. 
^h^L{d- d') Q - V), 
j^ L (e - e') (r - O. 

Rule 37. Level Sections. Fig. 37. 

27 (a) ^l^ L{c- c') [{l + r + w) - {V + 1- + w')]. 

37 (b) ^h^L{c- c') {{I + r) - Q' + r')]. 

27 (c) ^U L{c- c'Y (2 s). 

Rule 28. When the Side Slope is Afterwards Flattened 

(tan/?i=s,). Fig. 38. 

^k L (s, - s) (6 - 5') (&, - &/). 

Rule 39. Sidings (tan^i = s^). Fig. 39. 

29 (a) ^k L [(6 + 6,) - (6' + 6/)] (A - A'), 

^K [^ (Si - s)] (fe - 60 (&i - &.')■ 
39 (b) When s^ = s, 

sk i [(& + \) - (&' + W)] (A - AO- 
29 (c) When Sj = s and A' = A, C = 0. 

Rule 30. Side-Hill Work, — Triangular Ends, Warped Sur- 
face. Fig. 42. 

5^5 LQi - h') (m - mO- 
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IV. WHEN THE TRANSVERSE SLOPE OF THE 
SURFACE IS MEASURED. 

(The volume of a right prism with the length i L. Consider 
each side of the center separately.) 
1. When the Surface Recedes from the Road-Bed. Fig. 65. 



Vi 



L_ (Co + cf 



-\Gt. 



108 s/ - tan ^ ' " 2 s, 

8. When the Surface is Level. Fig. 66. 

a Si 



^. 7« = 0. 



V„=Q. 




^ 





rig. 66. 




Fig. 67. 



Fig. 69. 



Fig. 68 
3. When the Surface Approaches the Road-Bed. 

(a) tan cj) < c -^ ^ iW;, Fig. 67. 

y Jl (gp + C)' _ 1 (J, c =^ 
lOSsZ+tangi ^ '' » 2 8, 

(6) tan ^ > c -^ i w,, Figs. 68, 69. 



108 tan^ 
(c) tan ^ > c 4- ^ u)„, Fig. 69. 
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+ ■ 



108 s/ - tan ^ 108 tan (f> 



-iG„. 



w„ 
2su 



SUMMARY 113 

V. CORRECTION FOR CURVATURE. FIRST METHOD. 

(To find the total correction at any station, or at any sub- 
station, let L be the sum of the lengths of the adjacent chords.) 



1. Three-Level Sections. Fig. 83 

L{r + l){x- I) (c + c„) 
324 ft 



or W {E, + i G). 



3R 




Kg. 77. 





Kg. 79. 




Kg. 80. 




2. Special Cases. 

(a) Figs. 77, 78. '''"^^Jft""^ ' °^ "^^ ^^ 



or 



(b) Figs. 79, 80. 



(c) Fig. 81. 



Lr^jc + Cq) Lc„ fjv 



324 R 324 R 



(fj 



3^(B. + je)-|f(ie). 

324 B ' 3 22 *" 



114 EAETHWORK COMPUTATIONS 

VI. COREECTION FOR CUBVATURE. SECOND METHOD. 

(The correction is the total correction for the solid between two 
adjacent end sections.) 

1. Three-Level Sections. Fig. 83. 

(.r' + r")-(l'+l") ,p Q. 





2. Special Cases. 

(a) Fig. 86. 2w + r' + r"-{m' + m") p_ 

(b) Fig. 88. ^-^ P + ^+r„-"' .^g. 



6B 
(c) Fig. 90. '^''t'^" P. 
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SHORT-TITLE CATALOGUE 
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PUBLICATIONS 
JOHN WILEY & SONS, 

New York, 
Lojstdok: chapman & HALL, Limited. 

ARRANGED UNDER SUBJECTS. 



Descriptive circulars sent on application. Books marked with an asterisk (*) are sold 
at nei prices only. All books are bound in cloth unless otherwise stated. 



AGRICULTURE. 



Armsby's Manual of Cattle-feeding larno. 

Principles of Animal Nutrition. 8vo, 

Budd and Hansen's American Horticultural Manual : 

Part I. Propagation, Culture, and Improvement i2mo. 

Part II. Systematic Pomology i2mo, 

Elliott's Engineering for Land Drainage i2mo. 

Practical Farm Drainage i2mo, 

Graves's Forest Mensuration 8vo, 

Green's Principles of American Forestry. f i2mo, 

Grotenfelt's Principles of Modem Dairy Practice. (WoU.) i2mo, 

Hanausek's Microscopy of Technical Products. (Winton.) 8vo, 

Herrick's Denatured or Industrial Alcohol 8vo, 

Maynard's Landscape Gardening as Applied to Home Decoration izmo, 

* McKay and Larson's Principles and Practice of Butter-making Svo, 

Sanderson's Insects Injurious to Staple Crops i2mo, 

*Schwarz's Longleaf Pine in Virgin Forest i2rao, 

Stockbridge's Rocks and Soils Svo, 

Winton's Microscopy of Vegetable Foods Svo, 

Woll's Handbook for Farmers and Dairymen z6mo, 



ARCHITECTURE. 

£aldwin.'s Steam Heating for Buildings i2mo, 

Bashore's Sanitation of a Country House i2mo, 

Berg's Buildings and Structures of American Railroads 4to, 

Birkmire's Planning and Construction of American Theatres Svo, 

Architectural Iron and Steel .■ . Svo, 

Compound Riveteif Girders as Applied in Buildings Svo, 

Planning and Construction of High Office Buildings Svo, 

Skeleton Construction in Buildings. S^o, 

Brigg's Modern American School Buildings Svo, 

Carpenter's Heating and Ventilating of Buildings Svo, 
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Freitag's Architectural Engineering 8vo. 3 50- 

Fireproofing of Steel Buildings 8vo, 2 50 

French and Ives's Stereotomy 8vo, 2 50 

Gerhard's Guide to Sanitary House-inspection z6mo, z 00 

Sanitation of Public Buildings i2mo. i 50 

Theatre Fires and Panics i2mo, 1 50 

♦Greene's Structural Mechanics Svo, 2 50 

Holly's Carpenters' and Joiners' Handbook x8nio, 75 

Johnson's Statics by Algebraic and Graphic Methods Svo, 2 oo> 

Kellaway's How to Lay Out Suburban Home Grounds 8vo, 2 00- 

Kidder's Architects' and Builders' Pocket-book. Rewritten Edition. i6mo,mor., 5 00 

Merrill's Stones for Building and Decoration Svo, 5 00- 

Non-metallic Minerals: Their Occurrence and Uses 8vo, 4 00 

Monckton's Stair-building 4to, 4 OO' 

Patten's Practical Treatise on Foundations 8vo, s oa 

Peabody's Naval Architecture 8vo, 7 5a 

Rice's Concrete-block Manufacture 8vo, 2 00* 

Richey's Handbook for Superintendents of Construction i6niOt mor.p 4 00- 

* Building Mechanics' Ready Reference Book: 

* Carpenters' and Woodworkers' Edition x6mo, morocco, i 50^ 

* Cementworkers and Plasterer's Edition. (In Press.) 

* Stone- and Brick-mason's Edition i2mo, mor., 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo, 

Siebert and Biggin's Modern Stone-cutting and Masonry 8vo, 

Snow's Principal Species of Wood 8vo, 

Sonderlcker's Graphic Statics with Applications to Trusses, Beams, and Arches. 

8vo, 

Towne's Locks and Builders' Hardware i8mo, morocco, 

Ttirneaure and Maurer's Principles of Reinforced Concrete Construc- 
tion 8vo, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8vo, 

Sheep, , 

Law of Contracts 8vo, 

Wilson's Air Conditioning, tin Pre?a,) 
Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 oo- 
Worcester and Atkinson's Small Hospitals, Establishment and Maintenance, 
Suggestions for Hospital Architecture, with Plans for a Small Hospital. 

i2mo, I 25: 
The World's Columbian Exposition of i8p3 Large 4to, i 00 



ARMY AND NAVY. 

Bemadou's Smokeless Powder, Nitro-cellulose, and the Theory of the Cellulose 

Molecule lanio^ 2 5^^ 

Chase's Screw Propellers and Marine Propulsion 8vo, 3 00 

Cloke's Gunner's Examiner ^ g^Q j. -^^ 

Craig's Azimuth ....'..'.'. 7. ..4to! 3 50 

Crehore and Squier's Polarizing Photo-chronograph 8vo, 3 00 

* Davis's Elements of Law g^Q* ^ ^^ 

* Treatise on the MiHtary Law of United States gvo! 7 00 

Sheep, 7 50 

De Brack's Cavalry Outposts Duties. (Carr.) 24mo. morocco, 2 00 

Dietz's Soldier's First Aid Handbook i6mo, morocco, i 25 

* Dudley's Military Law and the Procedure of Courts-martial.. . Large i2mo, 
Durand's Resistance and Propulsion of Ships 8vo' 



I 


50 


3 


oo- 


I 


SO- 


3 


SO 


2 


oo- 


3 


oo 


3 


00 


6 


oo- 


6 


so 


S 


oo- 


S 


so 


3 


00 



so 
oo 



3 


OO 


4 


OO 


2 


OO 


I 


OO 


I 


so 


4 


OO 


6 


00 


6 


OO 


7 


so 


I 


SO 


2 


OO 


4 


OO 


s 


oo 


5 


OO 




lO" 


I 


OO. 


7 


SO. 


2 


so. 


4 


OO 


E 


so. 




so 


3 


oo 


2 


00 


2 


so 


I 


so 


2 


oa 



* Dyer's Handbook of Light Artillery i2mo, 

Eissler's Modern High Explosives 8vo» 

* Fiebeger's Text-book on Field Fortification Small 8vo, 

Hamilton's The Gunner's Catechism i8mo, 

* HofE's Elementary Naval Tactics 8vo, 

Ingalls's Handbook of Problems in Direct Fire 8vo, 

*Lissak*s Ordnance and Gunnery 8vo, 

* Lyons's Treatise on Electromagnetic Phenomena. Vols. I. and H. . 8vo, each, 

* Mahan's Permanent Fortifications. (Mercur.) 8vo, half morocco. 

Manual for Courts-martial i6mo, morocco, 

* Mercur's Attack of Fortified Places i2mo, 

* Elements of the Art of War 8vo, 

Metcalf's Cost of Manufactures — And the Administration of Workshops. .8vo, 

* Ordnance and Gunnery. 2 vols i2mo, 

Murray's Infantry Drill Regulations i8mo, paper, 

Nixon's Adjutants* Manual 24mo, 

Peabody's Naval Architecture ^ 8vo, 

* Phelps's Practical Marine Surveying 8vo, 

Powell's Army Officer's Examiner i2mo, 

Sharpe's Art of Subsisting Armies in War i8mo, morocco, 

* Tupes and Poole's Manual of Bayonet . Exercises and Musketry Fencing, 

24mo, leather. 

Weaver's Military Explosives 8vo, 

Wheeler's Siege Operations and Military Mining 8vo, 

Winthrop's Abridgment of Military Law i2mo, 

WoodhuU's Notes on Military Hygiene i6mo. 

Young's Simple Elements of Navigation i6mo, morocco, 

ASSAYING. 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

i2mo, morocco, i so 

Furman's Manual of Practical Assaying 8vo, 3 oa 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments. . . .8vo, 3 00 

Low's Technical Methods of Ore Analysis 8vo, 3 00. 

Miller's Manual of Assaying i2mo, i 00- 

Cyanide Process i2mo, i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) i3mo, 2 50 

O'DriscoU's Notes on the Treatment of Gold Ores 8vo, 2 00 

Ricketts and Miller's Notes on Assaying. 8vo, 3 00 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) 8vo, 4 00 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

"Wilson's Cyanide Processes i2mo, i 50 

Chlorioation Process i2mo, i sa 



ASTRONOMY. 

Comstock's Field Astronomy for Engineers 8vo, 2 50 

Craig's Azimuth. .". 4to, 3 St> 

Crandall's Text-book on Geodesy and Least Squares 8vo, 3 00 

Doolittle's Treatise on Practical Astronomy 8vo, 4 00 

Gore's Elements of Geodesy 8vo, 2 50 

Hayford's Text-book of Geodetic Astronomy 8vo, 3 oa 

Merriman's Elements ot Precise Surveying and Geodesy 8vo, 2 50 

* Michie and Harlow's P'ractical Astronomy. 8vo, 3 00 

* White's Elements of Theoretical and Descriptive Astronomy i2mo, 2 00 

3 



BOTANY. 

Davenport's Statistical Methods, with Special Reference to Biological Variation. 

idmOt morocco, i 25 

Thom^ and Bennett's Structural and Physiological Botany. i6mo. 2 25 

Westermaier's Compendium of General Botany. (Schneider.) 8vo, 2 00 

CHEMISTRY. 

* Abegg's Theory of Electrolytic Dissociation. (Von Ende.) i2mo, i 25 

Adriance's Laboratory Calculations and Specific Gravity Tables i2mo, x 25 

Alexeyefi's General Principles of Organic Synthesis. (Matthews.) 8vo, 3 00 

Allen's Tables for Iron Analysis 8vo, 3 00 

Arnold's Compendium of Chemistry. (Mandel.) Small 8vo, 3 50 

Austen's Notes for Chemical Students i2mo, i 50 

Beard's Mine Gases and Explosions. (In Press.) 

Bernadou's Smokeless Powder. — Nitro-cellulose, and Theory of the Cellulose 

Molecule i2mo. 2 50 

Bolduan's Immune Sera l2mo, 1 50 

* Browning's Introduction to the Rarer Elements 8vo, i 50 

Brush and Penfield's Manual of Determinative Mineralogy 8vo, 4 00 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 3 00 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.). .8vo, 3 00 

Cohn's Indicators and Test-papers i2mo, 2 00 

Tests and Reagents 8vo, 3 00 

Crafts's Short Course in Qualitative Chemical Analysis. (Schaeffer.) i2mo, i 50 

* Danneel's Electrochemistry. (Merriam.) i2mo, i 25 

Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von 

Ende.) i2mo, 2 50 

Drechsel's Chemical Reactions. (Merrill.) i2mo, i 2s 

Duhem's Thermodynamics and Chemistry. (Burgess.) 8vo, 4 00 

Eissler's Modern High Explosives 8vo, 4 00 

Effront's Enzymes and their Applications. (Prescott.) 8vo, 3 00 

Erdmann's Introduction to Chemical Preparations. (Dunlap.) i2mo, i 25 

*Fischer'sPhysiology of Alimentation Large i2mo, 2 00 

Fletcher's Practical Instructions in Quantitative Assaying with the Blowpipe. 

i2mo, morocco, z 50 

Fowler's Sewage Works Analyses i2mo, 2 00 

Fresenius's Manual of Qualitative Chemical Analysis. (Wells.) 8vo, 3 00 

Manual of Qualitative Chemical Analysis. Part I. Descriptive. (Welk.) 8vo, 3 00 

Quantitative Chemical Analysis, (Cohn.) 2 vols '. *. 8vo, 12 50 

Fuertes's Water and Public Health i2mo, i 50 

Furman's Manual of Practical Assaying 8vo, 3 00 

* Getman's Exercises in Physical Chemistry i2mo, 2 00 

Gill's Gas and Fuel Analysis for Engineers. i2mo, i 23 

* Gooch and Browning's Outlines of Quahtative Chemical Analysis. Small 8vo, i 25 

Grotenfelt's Principles of Modem Dairy Practice. (Woll.) i2mo, 2 00 

Groth's Introduction to Chemical Crystallography (Marshall) i2mo, i 23 

Hammarsten's Text-book of Physiological Chemistry. (MandeL) 8vo, 4 00 

Hanausek's Microscopy of Technical Products. (Winton. ) svo, S 00 

* Haskin's and MacLeod's Organic Chemistry 12mo, 2 00 

Helm's Principles of Mathematical Chemistry. (Morgan.) i2mo, i 50 

Hering's Ready Reference Tables (Conversion Factors) i6mo, morocco, 2 30 

Herrick's Denatured or Industrial Alcohol Svo, 4 00 

Hind's Inorganic Chemistry Svo, 3 00 

* Laboratory Manual for Students i2mo, i 00 

Holleman's Text-book of Inorganic Chemistry. (Cooper.) 8vo, 2 30 

Text-book of Organic Chemistry. (Walker and Mott.) Svo, 2 30 

* Laboratory Manual of Organic Chemistry. (Walker.) x2mo, i 00 
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HOlley and Ladd's Analysis of Mixed Paints, Color Pigments, and Varnishes. 
(In Press) 

Bopkins's Oil-chemists' Handboolt 8vo, 

Iddings's Rock Minerals 8vo 

Jackson's Directions for Laboratory Work in Physiological Chemistry. .8vo, i 2S 
Johannsen's Key for the Determination of Rock-forming Minerals in Thin Sec- 
tions. (In Press) 

Keep's Cast Iroo gvo, 2 50 

Xadd's Manual of (^antitative Chemical Analysis i2mo, i 00 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 3 00 

* Langworthy and Austen. The Occurrence of Aluminium in Vegetable 

Products, Animal Products, and Natural Waters 8vo, 2 00 

Lassar-Cohn's Application of Some General Reactions to Investigations in 

Organic Chemistry. (Tingle.) i2mo, i 00 

leach's The Inspection and Analysis of Food with Special Reference to State 

ControL 8vo, 7 50 

Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 3 00 

Lodge's Notes on Assaying and Metallurgical Laboratory Experiments Svo, 3 00 

Low's Technical Method of Ore Analysis Svo, 3 00 

Lunge's Techno-chemical Analysis. (Cohn.) r2mo r 00 

* McKay and Larsen's Principles and Practice of Butter-making Svo, i so 

Maire's Modem Pigments and their vehicles. (In Press.) 

Mandel's Handbook for Bio-chemical Laboratory i2mo, i 50 

* Martin's Laboratory Guide to Qualitative Analysis with the Blowpipe. . i2mo, 60 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

3d Edition, Rewritten Svo, 4 00 

Examination of Water. (Chemical and Bacteriological.) i2mo, r 25 

Matthew's The Textile Fibres. 2d Edition, Rewritten Svo, 400 

Meyer's Determination of Radicles in Carbon Compounds. (Tingle.). .r2mo, i 00 

Miller's Manual of Assaying i2mo, r 00 

Cyanide Process i2mo, i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.) .... i2mo, 

Mixter's Elementary Text-book of Chemistry. l2mo, 

Morgan's An Outline of the Theory of Solutions and its Results T2mo, 

Elements of Physical Chemistry i2mo, 

* Physical Chemistry for Electrical Engineers * i2mo, 

Morse's Calculations used in Cane-sugar Factories r6mo, morocco, 

* Mut's History of Chemical Theories and Laws Svo, 

Mulliken's General Method for the Identification of Pure Organic Compounds. 

Vol. I Large Svo, 

O'Driscoll's Notes on the Treatment of Gold Ores Svo, 

Ostwald's Conversations on Chemistry. Part One. (Ramsey.) i2mo. 

Part Two. (TurnbiUL) i2mo, 

* Palmer's Practical Test Book of Chemistiy 12mo, 

* Pauli's Physical Chemistry in the Service of Medicine. (Fischer. ) . . . . i2mo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 

Pictet's The Alkaloids and their Chemical Constitution. (Biddle.) Svo, 

Pirmer's Introduction to Organic Chemistry. (Austen.) i2nio, 

Poole's Calorific Power of Fuels Svo, 

Prescott and Winslow's Elements of Water Bacteriology, with Special Refer- 
ence to Sanitary Water Analysis i2mo, 

* Reisig's Guide to Piece-dyeing Svo, 

Richards and Woodman's Air, Water, and Food from a Sanitary Standpoint .Svo , 

Ricketts and Miller's Notes on Assaying Svo, 

Rideal's Sewage and the Bacterial Purification of Sewage Svo, 

Disinfection and the Preservation of Food Svo, 

Riggs's Elementary Manual for the Chemical Laboratory Svo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 
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Ruddiman's Incompatibilities in Prescriptions 8vo, 

* Whys in Pharmacy i2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish 8vo» 

Salkowski's Physiological and Pathological Chemistry. (OrndorfE.) 8vo, 

Schimpf s Text-book of Volumetric Analysis i2mo. 

Essentials of Volumetric Analysis i2mo, 

* Qualitative Chemical Analysis 8vo, 

Smith's Lecture Notes on Chemistry for Dental Students 8vo, 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco 

Handbook for Cane Sugar Manufacturers i6mo5 morocco, 

Stockbridge's Rocks and Soils 8vo, 

* Tillman's Elementary Lessons in Heat 8vo, 

* Descriptive General Chemistry 8vo> 

Treadwell's Qualitative Analysis. (Hall.) 8vor 

Quantitative Analysis. (Hall.). 8vo, 

Turneaure and Russell's Public Water-supplies 2vo, 

Van Deventer's Physical Chemistry for Beginners. (Boltwood.) i2mo, 

* Walke's Lectures on Explosives 8vOr 

Ware's Beet-sugar Manufacture and Refining. Vol. I Small Svo, 

" " Vol. II SmailSvo, 

Washington's Manual of the Chemical Analysis of Rocks 8vo» 

Weaver's Military Explosives 8vo, 

Wehrenfennig's Analysis and Softening of Boiler Feed-Water Svo, 

Wells's Laboratory Guide in-Qualitative Chemical Analysis Svo, 

Short Course in Inorganic Qualitative Chemical Analysis for Engineering 

Students i2mo. 

Text-book of Chemical Arithmetic i2mo, 

Whipple's Microscopy of Drinking-water Svo, 

Wilson's Cyanide Processes i2mo, 

Chlorination Process i2mo, 

Winton's Microscopy of Vegetable Foods. Svo, 

Wulling's Elementary Course in Inorgauic, Pharmaceutical, and Medical 
Chemistry - i2mo. 



CIVIL ENGINEERING. 

BRIDGES AND ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING 
RAILWAY ENGINEERING. 

Baker's Engineers* Surveying Instruments izmo, 3 00 

Bixby's Graphical Computing Table Paper igiX24i inches. 25 

Breed and Hosmer's Principles and Practice of Surveying Svo, 3 00 

* Burr's Ancient and Modern Engineering and the Isthmian Canal , Svo, 3 50 

Comstock's Field Astronomy for Engineers Svo, 2 50 

* Corthell's Allowable Pressures on Deep Foundations l2mo, i 25 

Crandall's Text-book on Geodesy and Least Squares Svo, 3 00 

Davis's Elevation and Stadia Tables Svo, i oo- 

Elliott's Engineering for Land Drainage i2mo, i so- 
Practical Farm Drainage i2mo, i 00 

*Fiebeger's Treatise on Civil Engineering Svo, 5 00 

Flemer's Phototopographic Methods and Instruments Svo, 5 00- 

Folwell's Sewerage. (Designing and Maintenance.) Svo, 3 00' 

Freitag's Architectural Engineering. 2d Edition, Rewritten Svo, 3 50 

French and Ives's Stereotomy Svo, 2 50 

Goodhue's Municipal Improvements i2mo, i 50- 

Gore's Elements of Geodesy Svo, z so 

* Hauch and Rice's Tables of Quantities for Preliminaiy Estimates, 12mo, x 25 

Hayford's Text-book of Geodetic Astronomy Svo, 3 00 
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Hering's Ready Reference Tables (Conversion Factors) z6mo, morocco, 

Howe's Retaining Walls for Earth X2mo, 

Boyt and Grover's River Discharge 8vo, 

* Ives's Adjustments of the Engineer's Transit and Level 1 6mo , Bds. 

Ives and Hilts's Problems in Surveying i6mo, morocco, 

Johnson's (J. B.) Theory and Practice of Surveying Small 8vo, 

Johnson's (L. J.) Statics by Algebraic and Graphic Methods 8vo, 

Xaplace's Philosophical Essay on Probabilities. (Truscott and Emory.) ■ i2mo, 
.Mahan's Treatise on Civil Engineering. (1873.) (Wood.) 8vo, 

* Descriptive Geometry 8vo, 

JUerriman's Elements of Precise Surveying and Geodesy 8vo, 

Merriman and Brooks's Handbook for Surveyors i6mo, morocco, 

Nugent's Plane Surveying 8vo, 

■Ogden's Sewer Design i2mo, 

Parsons's Disposal of Municipal Refuse. 8vo, 

J^atton's Treatise on Civil Engineering 8vo half leather, 

Reed's Topographical Drawing and Sketching 4to, 

-Rideal's Sewage and the Bacterial Purification of Sewage 8vo, 

Riemer's Shaft-sinking under Difficult Conditions. (Coming and Peele.) . .8vo, 

Siebert and Biggin's Modern Stone-cutting and Masonry Svo, 

Smith's Manual of Topographical Drawing. (McMillan.) Svc, 

.Sondericker's Graphic Statics, with Applications to Trusses, Beams, and Arches. 

8vo, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

"Tracy's Plane Surveying i6mo, morocco, 

-* Trautwine's Civil Engineer's Pocket-book i6mo, morocco, 

"Venable's Garbage Crematories in America 8vo, 

Wait's Engineering and Architectural Jurisprudence 8vo, 

Sheep, 
Law of Operations PreUminary to Construction in Engineering and Archi- 
tecture 8vo, 

Sheep, 

Law of Contracts 8vo, 

"Warren's Stereotomy — Problems in Stone-cutting 8vo, 

"Webb's Problems in the Use and Adjustment of Engineering Instruments. 

i6nio, morocco, 

Wilson's Topographic Surveying 8vo, 

BRIDGES AND ROOFS. 

Poller's Practical Treatise on the Construction of Iron Highway Bridges. .8vo, 2 00 

3urr and Falk's Influence Lines for Bridge and Roof Computations 8vo, 3 00 

Design and Construction of Metallic Bridges 8vo, s 00 

Du Bois's Mechanics of Engineering. Vol. II En:all 4to, 10 00 

Poster's Treatise on Wooden Trestle Bridges 4*0, s 00 

Powler's Ordinary Foundations 8vo, 3 50 

Greene's Roof Trusses 8vo, i 25 

Bridge Trusses 8vo, 2 50 

Arches in Wood, Iron, and Stone 8vo, 2 50 

Grimm's Secondary Stresses in Bridge Trusses. (In Press, ) 

Howe's Treatise on Arches 8vo, 4 00 

Design of Simple Roof-trusses in Wood and Steel. 8vo, 2 00 

Symmetrical Masonry Arches 8vo, 2 50 

Johnson, Bryan, and Turneaure's Theory and Practice in the Designing of 

Modem Framed Structures Small 4to, ro 00 

Uerriman and Jacoby's Text-book on Roofs and Bridges : 

Part I. Stresses in Simple Trusses 8vo, 2 so 

Part n. Graphic Statics 8vo, 2 so 

Part in. Bridge Design 8vo, 2 so 

PartlV. Higher Structures 8vo, 2 so 
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Morison's Memphis Bridge. , 4to, lo oo 

WaddelPs De Pontibus, a Pocket-book for Bridge Engineers . . i6mo, morocco, 2 00 

* Specifications for Steel Bridges lamo, 50 

Wright's Designing of Braw-spans. Two parts in one volume 8vo, 3 50 

HYDRAULICS. 

Barnes's Ice Formation 8vo, 3 00 

Bazin's Experiments upon the Contraction of the Liquid Vein Issuing from 

an Orifice. (Trautwine.) 8vo» 2 oo- 

Bovey's Treatise on Hydraulics 8vo, 5 00 

Church's Mechanics of Engineering 8vo, 6 00^ 

Diagrams of Mean Velocity of- Water in Open Channels paper, i so- 
Hydraulic Motors 8vo, 2 oo- 

Coffin's Graphical Solution of Hydraulic Problems i6mo, morocco, 2 50- 

Flather's Dynamometers, and the Measurement of Power. i2mo, 3 00- 

Folwell's Water-supply Engineering 8vo, 4 00 

Frizell's Water-power 8vo, 5 00- 

Fuertes's Water and Public Health i2mo, i 50 

Water-filtration Works r2mo. 2 50- 

Ganguillet and Kutter's General Formula for the Uniform Flow of Water in 

Rivers and Other Channels. (Hering and Trautwine.) 8vo, 4 oo- 

Hazen's Clean Water and How to Get It Large l2mo, 1 5o 

Filtration of Public Water-supply 8vo, 3 00 

Hazlehurst's Towers and Tanks for Water-works. 8vo, 2 5c> 

Herschel's 115 Experiments on the Carrying Capacity of Large, Riveted, Metal 

Conduits 8vo, 2 00 

* Hubbard and Kiersted's Water-works Management and Maintenance, . . 8vo, 4 co 
Mason's Water-supply. (Considered Principally from a Sanitary Standpoint.) 

8vo, 4 oo- 

Merriman's Treatise on Hydraulics 8vo, 5 00- 

* Michie's Elements of Analytical Mechanics .' 8vo, 4 00 

Schuyler's Reservoirs for Irrigation, Water-power, and Damestic Water- 
supply Large 8vo, S 00 

* Thomas and Watt's Improvement of Rivers 4to, 6 oo* 

Turneaure and Russell's Public Water-supplies 8vo, 5 00 

Wegmann's Design and Construction of Dams. 5th Edition, enlarged. . .4to, 6 oo 

Water-supply of the City of New York from 1658 to 1895 4to, 10 00 

Whipple's Value of Pure Water Large i2mo, i 00 

Williams and Hazen's Hydraulic Tables 8vo, i 50* 

Wilson's Irrigation Engineering Small 8vo, 4 00 

Wolff's Windmill as a Prime Mover 8vo, 3 00 

Wood's Turbines 8vo, 2 50 

Elements of Analytical Mechanics 8vo, 3 oo- 

MATERIALS OF ENGINEERING. 

Baker's Treatise on Masonry Construction 8vo, 5 oi> 

Roads and Pavements 8vo, 5 oo 

Black's United States Public Works Oblong 4to, 5 oo- 

* Bovey's Strength of Materials and Theory of Structures 8vo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering 8vo, 7 50- 

Byrne's Highway Construction 8vo, 5 oo- 

Inspection of the Materials and Workmanship Employed in Construction. 

i6mo, 3 00 

Chiirch's Mechanics of Engineering '..... 8vo, 6 00 

Du Bois's Mechanics of Engineering. Vol. I Small 410, 7 50 

♦Eckel's Cements, Limes, and Plasters 8vo, 6 00 
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JoIuboii's Materials of Construction Large 8vo, 

Fowler's Ordinary Foundations 8vo, 

Graves's Forest Mensuration 8vo, 

* Greene's Structural Mechanics 8vo, 

Keep's Cast Iron 8vo, 

Lanza's Applied Mechanics 8vo, 

Martens's Handbook on Testing Materials. (Henning.) 2 vols 8vo, 

Maurer's Technical Mechanics 8vo, 

Merrill's Stones for Building and Decoration 8vo, 

Merriman's Mechanics of Materials 8vo, 

* Strength of Materials i2mo, 

MetcaU' s Steel. A Manual for Steel-users i2mo, 

Patton's Practical Treatise on Foundations Bvo, 

Richardson's Modern Asphalt Pavements 8vo, 

Richey's Handbook for Superintendents of Construction i6mo, mor., 

* Ries's Clays: Their Occurrence, Properties, and Uses 8vo, 

Rockwell's Roads and Pavements in France T2mo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish Bvo, 

*Schwarz's Longleaf Pine in Virgin Forest i2mo, 

Smith's Materials of Machines i2mo. 

Snow's Principal Species of Wood 8vo, 

Spalding's Hydraulic Cement. .• i2mo. 

Text-book on Roads and Pavements i2mo, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

Thurston's Materials of Engineering. 3 Parts 8vo, 

Part I. Non-metallic Materials of Engineering and Metallurgy 8vo, 2 00 

Part n. Iron and Steel Bvo, 3 50 

Part in. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents Svo, 2 50 

Tillson's Street Pavements and Paving Materials Bvo, 4 00 

Tumeaure and Maurer's Principles of Reinforced Concrete Construction.- .8vo, 3 00 
Waddell's De Pontibus. (A Pocket-book for Bridge Engineers.). .i6mo, mor., 2 00 

* Specifications for Steel Bridges i2mo, so 

Wood's (De V.) Treatise on the Resistance of Materials, and an Appendix on, 

the Preservation of Timber Bvo, 2 00 

Wood's (De V.) Elements of Analytical Mechanics Bvo, 3 00 

Wood's (M. P.) Rustless Coatings; Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 



RAILWAY ENGINEERING. 

Andrew's Handbook for Street Railway Engineers 3x3 inches, morocco, t 23 

Berg's Buildings and Structures of American Raihoads 4to, s 00 

Brook's Handbook of Street Railroad Location i6mo, morocco. 

Butt's Civil Engineer's Field-book i6mo, morocco, 

Crandall's Transition Curve i6mo, morocco. 

Railway and Other Earthwork Tables Svo, 

Crookett's Methods for Earthwork Computations. (In Press) 

Dawson's "Engineering" and Electric Traction Pocket-book. .i6mo, morocco 

Dredge's History of the Pennsylvania Raihroad: (1879) Paper, 

Fisher's Table of Cubic Yards Cardboard, 

Godwin's Raihoad Engineers' Field-book and Explorers' Guide. . . r6mo, mor., 
Hudson's Tables for Calculating the Cubic Contents of Excavations and Em- 
bankments 8™' ' 

Molitor and Beard's Manual for Resident Engineers i6mo, 1 

Nagle's Field Manual for Raihoad Engineers i6mo, morocco, 3 

Philbrick's Field Manual for Engineers i6mo, morocco, 3 

Raymond's Elements of Railroad Engineering. (In Press.) 
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Searles's Field Engineering. i6mo, morocco, 3 00 

Railroad Spiral. i6mo, morocco, I 50 

Taylor's Prismoidal Formuls and Earthwork 8vo, I so 

* Trautwine's Method of Calculating the Cube Contents of Excavations and 

Embankments by the Aid of Diagrams 8vo, 2 00 

The Field Practice of Laying Out Circular Curves for Railroads. 

x2mo, morocco, 2 50 

Cross-section Sheet Paper, 25 

Webb's Raihoad Construction i6mo, morocco, 5 00 

Economics of Railroad Construction Large i2mo, 2 50 

Wellington's Economic^heory of the Location of Railways Small 8vo« 5 00 



DRAWING. 

Barr's Cinematics of Machinery. 8vo, 2 50 

* Bartlett's Mechanical Drawing 8vo, 3 00 

* " " ■' Abridged Ed 8vo, i so 

Coolidge's Manual of Drawing 8vo, paper, i 00 

Coolidge and Freeman's Elements of General Drafting for Mechanical Engi- 
neers Oblong 4to, 2 so 

Durley's Cinematics of Machines 8vo, 4 00 

Emch's Introduction to Projective Geometry and its Applications 8vo, 

Hill's Text-book on Shades and Shadows, and Perspective 8vo, 

Jamison's Elements of Mechanical Drawing 8vo, 

Advanced Mechanical Drawing 8vo, 

Jones's Machine Design; 

■ Part I. Cinematics of Machinery. 8vo, 

Part n. Form, Strength, and Proportions of Parts 8vo, 

macCord's Elements of Descriptive Geometry 8vo, 

Kinematics; or, Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

MacLeod's Descriptive Geometry Small 8vo, 

* Mahan's Descriptive Geometry and Stone-cutting 8vo, 

Industrial Drawing. (Thompson.) .8vo, 

Moyer's Descriptive Geometry. 8vo, 

Reed's Topographical Drawing and Sketching 4to, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elements of Mechanism 8vo, 

Smith's (R. S.) Manual of Topographical Drawing. (McMillan.) 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

* Titsworth's Elements of Mechanical Drawing Oblong 8vo, 

Warren's Elements of Plane and Solid Free-hand Geometrical Drawing. i2mo, 

Drafting Instruments and Operations i2mo 

Manual of Elementary Projection Drawing l2mo, 

Manual of Elementary Problems in the Linear Perspective of Form and 

Shadow „njo_ 

Plane Problems in Elementary Geometry i2mo 

Elements of Descriptive Geometry, Shadows, and Perspective 8vo, 

General Problems of Shades and Shadows gyo' 

Elements of Machine Construction and Drawing gvo 

Problems, Theorems, and Examples in Descriptive Geometry 8vo 

Weisbach's Kinematics and Power of Transmission. (Hermann and 

Kl"n) 8vo, 

Whelpley's Practical Instruction in the Art of Letter Engraving i2mo 

Wilson's (H. M.) Topographic Surveying g^^' 

10 
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Wilson's (V. T.) Free-hand Perspective 8vo, 

Wilson's (V. T,) Free-hand Lettering 8vo, 

Woolf's Elementary Course in Descriptive Geometry Large 8vo, 

ELECTRICITY AND PHYSICS. 

* Abegg's Theory of Electrolytic Dissociation. (Von Ende.) i2mo, 

Anthony and Brackett's Text-book of Physics. (Magie.) Small 8vo. 

Anthony's Lecture-notes on the Theory of Electrical Measurements. . . . i2mo, 
Benjamin's History of Electricity. 8vo, 

Voltaic Celt 8vo, 

Betts's Lead Refining and Electrolysis. (In Press.) 

Classen's Quantitative Chemical Analysis by Electrolysis. (Boltwood.).8vo, 3 00 

* Collins's Manual of Wireless Telegraphy i2mo, i 50 

Morocco, 2 00 
Crehore and Squier's Polarizing Photo-chronograph 8vo, 

* Danneel's Electrochemistry. (Merriam.) i2mo, 

Dawson's "Engineering" and Electric Traction Pocket-book. i6nio, morocco, 
Dolezalek's Theory of the Lead Accumulator (Storage Battery). (Von Ende.) 

i2mo, 

Duhem's Thermodynamics and Chemistry. (Burgess.). . 8vo, 

Flather's Dynamometers, and the Measurement of Power i2mo, 

Gilbert's De Magnete. (Mottelay.) 8vo, 

Hanchett's Alternating Currents Explained i2mo, 

Bering's Ready Reference Tables (Conversion Factors) lomo, morocco, 

Hobart and Ellis's High-speed Dynamo Electric Machinery. (In Press.) 

Holman's Precision of Measurements 8vo, 

Telescopic Mirror-scale Method, Adjustments* and Tests Large Svo, 

Karapetoff's Experimental Electrical Engineering. (In Press.) 

Kinzbrunner's Testing of Continuous-current Machines 8vo, 

Landauer's Spectrum Analysis. (Tingle.) 8vo, 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.) i2mo. 
Lob's Electrochemistry of Organic Compounds. (Lorenz.) 8vo, 

* Lyons'3 Treatise on Electromagnetic Phenomena. Vols. I. and 11. 8vo, each, 

* Iffichie's Elements of Wave Motion Relating to Sound and Light Svo, 

Niaudefs Elementary Treatise on Electric Batteries. (.Fishback.) i2mo, 

ITorris's Introduction to the Study of Electrical Engineetlhg. (In Press.) 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, 12 so 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large i2mo, 3 50 

* Rosenberg's Electrical Engineering. (Haldane Gee — Einzbrunner.). . .8vo, 2 00 

JRyan, Norris, and Hoxie's Electrical Machinery. VoL I Svo, 2 50 

"Thurston's Stationary Steam-engines Svo, 2 50 

* Tillman's Elementary Lessons in Heat Svo, i 50 

Tory and Pitcher's Manual of Laboratory Physics Small Svo, 2 00 

Ulke's Modem Electrolytic Copper Refining Svo, 3 00 

LAW. 

* Davis's Elements of Law Svo, 2 so 

* Treatise on the Military Law of United States Svo, 7 00 

* Sheep, 7 SO 

* Dudley's Mihtary Law and the Procedure of Courts- martial . . . Large i2mo, 2 30 

Manual for Courts-martiaL i6mo, morocco, i 50 

Waifs Engineering and Architectural Jurisprudence Svo, 6 00 

Sheep, 6 so 
Law of Operations Preliminary to Construction in Engineering and Archi- 
tecture 8^0 5 00 

Sheep, s S© 

Law of Contracts 8vo. 3 00 

Winthrop's Abridgment of Military Law i2mo, 2 so 

11 
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MANUFACTURES. 

Bernadou's Smokeless Powder — Nitro-cellulose and Theory of the Cellulose 

Molecule i2mo, 

Bolland's Iron Founder 1 2mo , 

The Iron Founder," Supplement i amo, 

Encyclopedia of Founding and Dictionary of Foundry Terms Used in the 
Practice of Moulding i2mo, 

* Claassen's Beet-sugar Manufacture. (Hall and Rolfe.) 8vo, 

* Eckel's Cements, Limes, and Plasters 8vo, 

Eissler's Modern High Explosives 8vo, 

Effroat's Enzymes and their Applications. (Prescott.) 8vo, 

Fitzgerald's Boston Machinist i2mo, 

Ford's Boiler Making for Boiler Makers iSmo. 

Herrick's Denatured or Industrial Alcohol SVo, 

Honey and Ladd's Analysis of Mixed Paints, Color Pigments, and Vamishes. 

(In Press.) 

Hopkins's Oil-chemists' Handbook 8vo, 

Keep's Cast Iron Svoj 

Leach's The Inspection and Analysis of Food with Special Reference to State 
Control . , Large 8vo, 

* McKay and Larsen's Principles and Practice of Butter-making 8vo, 

Malre's Modern Pigments and their Vehicles. (In Press.) 

Matthews's The Textile Fibres. 2d Edition, Rewritten 8vo, 

Metcalf's Steel. A Maunal for Steel-users i2mo, 

Metcalfe's Cost of Manufactures — And the Administration of Workshops . 8vo, 

Meyer's Modern Locomotive Construction 4to, 

Morse's Calculations used in Cane-sugar Factories i6mo, morocco, 

* Reisig's Guide to Piece-dyeing 8vo, 

Rice's Concrete-block Manufacture 8vo, 

Sabin's Industrial and Artistic Technology of Paints and Varnish ...... .8vo, 

Smith's Press-working of Metals 8vo, 

Spalding's HydrauUc Cement i2mo, 

Spencer's Handbook for Chemists of Beet-sugar Houses i6mo, morocco, 

Handbook for Cane Sugar Manufacturers i6mo, morocco, 

Taylor and Thompson's Treatise on Concrete, Plain and Reinforced 8vo, 

Thurston's Manual of Steam-boilers, their Designs, Construction and Opera- 
tion gyO, 

Ware's Beet-sugar Manufacture and Refining. Vol. I Small 8vo, 

Vol. II 8vo! 

Weaver's Military Explosives gyo 

West's American Foundry Practice i2mo 

Moulder's Text-book j jmo 

Wolff's Windmill as a Prime Mover gvo 

Wood's Rustless Coatings: Corrosion and Electrolysis of Iron and Steel . .8vo» 

MiATHEMATICS. 

Baker's EHiptic Functions g^o 

Briggs's Elements of Plane Analytic Geometry lamo' 

Buchanan's Plane and Spherical Trigonometry. (In Press.) 

Compton's Manual of Logarithmic Computations i2mo, i so 

Davis's Introduction to the Logic of Algebra gvo' i so 

* Dickson's College Algebra ." ' ; " Large i2mo! x So 

* Introduction to the Theory of Algebraic Equations Large i2mo, i 25 

Emch's Introduction to Projective Geometry and its Applications 8voI 2 50 

Halsted's Elements of Geometry o ' ^ 

Elementary Synthetic Geometry 8vo* 1 Ka 

* Rational Geometry ,-,«,«' , « 

• ■ ■ - i2mo, [ so 
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♦Johnson's (J. B.) Three-place Logarithmic Tables: Vest-pocket size, paper, 15 

100 copies for s 00 

* Mounted on heavy cardboard, 8X10 inches, 25 

10 copies for 2 00 
Johnson's (W. W.) Elementary Treatise on Differential Calculus .Small 8vo, 3 00 

Elementary Treatise on the Integral Calculus Small 8vo, i 50 

Johnson's (W. W.) Curve Tracing in Cartesian Co-ordinates i2mo, i 00 

Johnson's (W. W.) Treatise on Ordinary and Partial Differential Equations. 

Small 8vo, 3 50 

Johnson's Treatise on the Integral Calculus Small 8vo, 3 00 

Johnson's (W. W.) Theory of Errors and the Method of Least Squares . i2mo, 1 so 

* Johnson's (W. W.) Theoretical Mechanics x2mo, 3 00 

Laplace's Philosophical Essay on Probabilities. (Truscott and Emory. ).i2mo, 2 00 

* Ludlow and Bass. Elements of Trigonometry and Logarithmic and Other 

Tables 8vo, 3 00 

Trigonometry and Tables published separately Each, 2 00 

* Ludlow's Logarithmic and Trigonometric Tables 8vo, i 00 

Manning's IrrationalNumbers and their Representation bySequences and Series 

i2mo, I 25 
Mathematical Monographs. Edited by Mansfield Merriman and Robert 

S. Woodward Octavo, each i 00 

No. I. History of Modern Mathematics, by David Eugene Smith. 
No. 2. Synthetic Projective Geometry, by George Bruce Halsted. 
No. 3. Determinants, by Laenas Gifford W'ild. No. 4. Hyper- 
bolic Functions, by James McMahon. No. s. Harmonic Func- 
tions, by William E. Byerly. No. 6. Grassmann's Space Analysis, 
by Edward W. Hyde. No. 7. ProbabiUty and Theory of Errors, 
by Robert S. Woodward. No. 8. Vector Analysis and Quaternions, 
by Alexander Macfarlane. No. 9. Differential Equations, by 
William Woolsey Johnson. No. 10. The Solution of Equations, 
by Mansfield Merriman. No. 11.- Functions of a Complex Variable, 
by Thomas S. Fiske. 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Method of Least Squares 8vo, 2 00 

Rice and Johnson's Elementary T-reatise on the Differential Calculus. .Sm. 8vo, 3 00 
Differential and Integral Calculus. 2 "vols, in one Small 8vo, 2 50 

* Veblen and Lennes's Introduction to the Real Infinitesimal Analysis of One 

Variable 8vo, 2 00 

Wood's Elements of Co-ordinate Geometry 8vo, 2 00 

Trigonometry: Analytical, Plane, and Spherical i2mo, i 00 

MECHANICAL ENGINEERING. 
MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS. 

Bacon's Forge Practice i2mo, 

Baldwin's Steam Heating for Buildings i2mo, 

Barr's Kinematics of Machinery 8vo, 

* Bartlett's Mechanical Drawing 8vo, 

* " " " Abridged Ed 8vo, 

Benjamin's Wrinkles and Recipes i2mo. 

Carpenter's Experimental Engineering 8vo, 

Heating and Ventilating Buildings 8vo, 

Clerk's Gas and Oil Engine S™all 8vo, 

CooUdge's Manual of Drawing. 8vo, paper, 

CooUdge and Freeman's Elements of General Drafting for Mechanical En- 



gineers . 



.Oblong 4to, 



Cromwell's Treatise on Toothed Gearing i2mo, 

Treatise on Belts and Pulleys i2mo, 

13 
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Durley's Kinematics of Machines 8vo, 

Flather's Dynamometers and the Measurement of Power '. .i2ino, 

Rope Driving lamo, 

Gill's Gas and Fuel Analysis for Engineers i2mo, 

Hall's Cat Lubrication i2mo, 

Hering's Ready Reference Tables (Conversion Factors). — . . i6mo, morocco^ 

Hutton's The Gas Engine 8vo, 

Jamison's Mechanical Drawing Svo, 

Jones's Machine Design: 

Part I. Kinematics of Machinery. 8vo, 

Part II. Form, Strength, and Proportions of Parts 8vo, 

Kent's Mechanical Engineers* Pocket-book z6mo, morocco, 

Kerr's Power and Power Transmission 8vo, 

Xeonard's Machine Shop, Tools, and Methods 8vo, 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.) . . 8vo, 
MacCord's Kinematics; or. Practical Mechanism 8vo, 

Mechanical Drawing 4to, 

Velocity Diagrams 8vo, 

MacFarland's Standard Reduction Factors for Gases 8vo, 

Mahan's Industrial Drawing. (Thompson.) 8vo, 

Poole's Calorific Power of Fuels 8vo, 

Reid's Course in Mechanical Drawing 8vo, 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 

Richard's Compressed Air X2mo, 

Robinson's Principles of Mechanism 8vo, 

Schwamb and Merrill's Elemente of Mechanism Svo, 

Smith's (O.) Press-working of Metals 8vo, 

Smith (A. W.) and Marx's Machine Design 8vo, 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 
Work 8vo, 

Animal as a Machine and Prime Motor, and the Laws of Energetics . i2mo, 

Tillson's Complete Automobile Instructor i6mo, 

Morocco, 

Warren's Elements of Machine Construction and Drawing 8vo, 

Weisbach's Kinematics and the Power of Transmission. (Herrmann — 
Klein.) 8vo, 

Machinery of Transmission and Governors. (Herrmann — Klein.). .8vo, 

Wolff's Windmill as a Prime Mover 8vo, 

Wood's Turbines Svo, 

MATERIALS OF ENGINEERING. 

* Bovey's Strength of Materials and Theory of Structures Svo, 7 50 

Burr's Elasticity and Resistance of the Materials of Engineering. 6th Edition. 

Reset Svo, 7 50 

Church's Mechanics of Engineering 8vo, 6 00 

* Greene's Structural Mechanics 8vo, 2 so 

Johnson's Materials of Construction 8vo, 6 00 

Keep's Cast Iron 8vo, 2 so 

Lanza's Apphed Mechanics Svo, 7 so 

Martens's Handbook on Testing Materials. (Henning.) Svo, 7 50 

Maurer's Technical Mechanics Svo, 4 00 

Merriman's Mechanics of Materials Svo, 5 00 

* Strength of Materials i2mo, i 00 

Metcalf's SteeL A Manual for Steel-users i2mo, 2 00 

Sabin's Indiistrial and Artistic Technology of Paints and Varnish Svo, 3 00 

Smith's Materials of Machines i2mo, i 00 

Thurston's Materials of Engineering 3 vols., Svo, 8 00 

Part n. Iron and Steel 8vo, 

Part III. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo 
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Wood's (De V.) Treatise on the Resistance of Materials and an Appendix on 

the Preservation of Timber 8vo, a oo 

Elements of Analytical Mechanics 8vo, 3 oo 

Wood's (M. P.) Rustless Coatings: Corrosion and Electrolysis of Iron and 

Steel 8vo, 4 00 

STEAM-ENGINES AND BOILERS. 

Berry's Temperature-entropy Diagram i2mo, i 25 

Camot's Reflections on the Motive Power of Heat. (Thurston.) i2mo, i so 

Creighton's Steam-engine and other Heat-motors 8vo, 500 

Dawson's "Engineering" and Electric Traction Pocket-book. . . .i6mo, mor., 5 00 

Ford's Boiler Making for Boiler Makers iSmo, 1 00 

Goss's Locomotive Sparks 8vo, 2 00 

Locomotive Performance 8vo, s 00 

Hemenway's Indicator Practice and Steam-engine Economy i2mo, 2 00 

Hutton's Mechanical Engineering of Power Plants 8vo, 5 00 

Heat and Heat-engines 8vo, 5 00 

Kent's Steam boiler Economy 8vo, 4 00 

Kneass's Practice and Theory of the Injector 8vo, i 50 

MacCord's Slide-valves 8vo, 2 00 

Meyer's Modern Locomotive Construction 4to, 10 00 

Peabody's Manual of the Steam-engine Indicator i2mo. i 50 

Tables of the Properties of Saturated Steam and Other Vapors 8vo, i 00 

Thermodynamics of the Sttam-engine and Other Heat-engines Svo» s 00 

Valve-gears for Steam-engines 8vo, 2 50 

Peabody and Miller's Steam-boilers 8vo, 4 00 

Pray's Twenty Years with the Indicator. Large 8vo, 2 50 

Pupin's Thermodynamics of Reversible Cycles in Gases and Saturated Vapors. 

(Osterberg.) i2mo, I 25 

Reagan's Locomotives: Simple, Compound, and Electric. New Edition. 

Large limo, 3 50 

Sinclair's Locomotive Engine Running and Management i2mo, 2 00 

Smart's Handbook of Engineering Laboratory Practice i2mo, ^ so 

Snow's Steam-boiler Practice 8vo, 3 00 

Spangler's Valve-gears 8vo, 2 so 

Notes on Thermodynamics i2mo, i 00 

Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thomas's Steam-turbines 8vo, 3 So 

Thurston's Handy Tables 8vo, i so 

Manual of the Steam-engine 2 vols., 8vo, 10 00 

Part I. History, Structure, and Theory. 8vo, 6 00 

Part n. Design, Construction, and Operation 8vo, 6 00 

Handbook of Engine and Boiler Trials, and the Use of the Indicator and 

the Prony Brake 8vo, s 00 

Stationary Steam-engines 8vo, 2 50 

Steam-boiler Explosions in Theory and in Practice i2mo, i 50 

Manual of Steam-boilers, their Designs, Construction, and Operation 8vo, s 00 

Wehrenfenning's Analysis and Softening of Boiler Feed-water (Patterson) 8vo, 4 

Weisbach's Heat, Steam, and Steam-engines. (Du Bois.) 8vo, 5 

Whitham's Steam-engine Design 8vo, s 

Wood's Thermodynamics, Heat Motors, and Refrigerating Machines. . .8vo, 4 00 

MECHANICS AND MACHINERY. 

Barr's Kinematics of Machinery .8to, 2 50 

• Bovey's Strength of Materials and Theory of Structures 8vp, 7 so 

Chase's The Art of Pattern-making. i2mo, 2 50 
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Church's Mechanics of Engineering :8vo, 6 oo 

Notes and Examples in Mechanics 8vo, 2 oo 

Compton's First Lessons in Metal-working izmo, i so 

Compton and De Groodt's The Speed Lathe i2mo, i so 

Cromwell's Treatise on Toothed Gearing izmo, i so 

Treatise on Belts and Pulleys i2nio, i so 

Dana's Text-book of Elementary Mechanics for Colleges and Schools. .i2mo, i so 

Dingey's Machinery Pattern Making i2mo, 2 oo 

Dredge's Record of the Transportation Exhibits Building of the World's 

Columbian Exposition of i8q3 4*0 half morocco, s oo 

Du Bois's Elementary Principles of Mechanics : 

Vol. I. Kinematics 8vo, 3 SO 

Vol. II. Statics 8vo, 4 00 

Mechanics of Engineering. Vol. I Small 4to, 7 50 

VoL II Small 4to, 10 00 

Durley's Kinematics of Machines .^ 8vo, 4 00 

Fitzgerald's Boston Machinist i6nio, i 00 

Flather's Dynamometers, and the Measureinent of Power i2mo, 3 00 

Rope Driving i2mo, 2 00 

Goss's Locomotive Sparks 8vo, 2 00 

Locomotive Performance 8vo, s 00 

■* Greene's Structural Mechanics 8vo, 2 50 

Hall's Car Lubrication i2mo, i 00 

Hobait and Ellis's High-speed Dynamo Electric Machinery. (In Press.) 

Holly's Art of Saw Filing iSmo, 75 

James's Kinematics of a Point and the Rational Mechanics of a Particle. 

Small 8vo, z 00 

* Johnson's ("W*. W.) Theoretical Mechanics i2ino, 3 00 

Johnson's (L. J.) Statics by Graphic and Algebraic Methods 8vo, 2 00 

Jones's Machine Design: 

Part I. Kinematics of Machinery 8vo, i 50 

Part n. Form, Strength, and Proportions of Parts 8vo, 3 00 

Kerr's Power and Power Transmission 8vo, 2 00 

Lanza's Applied Mechanics 8vo, 7 so 

Leonard's Machine Shop, Tools, and Methods 8vo, 4 00 

* Lorenz's Modern Refrigerating Machinery. (Pope, Haven, and Dean.). Svo, 4 00 
MacCord's Kinematics; or. Practical Mechanism 8vo, 5 00 

Velocity Diagrams 8vo, i so 

* Martin's Text Book on Mechanics, Vol. I, Statics i2mo, i 23 

■* ' Vol. 2, Kinematics and Kinetics . .i2mo, 1 so 

Maurer's Technical Mechanics 8vo, 4 00 

Merriman's Mechanics of Materials 8vo, s 00 

* Elements of Mechanics izmo, i 00 

* Michie's Elements of Analytical Mechanics 8vo, 4 00 

* Parshall and Hobart's Electric Machine Design 4to, half morocco, 12 so 

Reagan's Locomotives : Simple, Compound, and Electric. New Edition. 

Large i2mo, 3 50 

Reid's Cotirse in Mechanical Drawing gvo, 2 00 

Text-book of Mechanical Drawing and Elementary Machine Design. 8vo, 3 00 

Richards's Compressed Air. izmo, i so 

Robinson's Principles of Mechaiusm 8vo, 3 00 

Ryan, Norris, and Hoxie's Electrical Machinery. VoL 1 8vo, 2 so 

Sanborn's Mechanics : Problems Large izmo, i so 

Schwamb and Merrill's Elements of Mechanism 8vo, 3 00 

Sinclair's Locomotive-engine Running and Management izmo, 2 00 

Smith's (O.) Press-working of Metals 8vo, 3 00 

Smith's (A. W.) Materials of Machines izmo, i 00 

Smith (A. W.) and IVIarx's Machine Design 8vo, 3 00 

Sorel's Carbureting and Combustion of Alcohol Engines. CWoodvrard and 

I^eston.) Large svo, 3 <x» 
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Spangler, Greene, and Marshall's Elements of Steam-engineering 8vo, 3 00 

Thurston's Treatise on Friction and Lost Work in Machinery and Mill 

Work. 8vo, 3 00 

Animal as a Machine and Prime Motor, and the Laws of Energetics. i2mo, i 00 

Tillson's Complete Automobile Instructor i6mo, 

Morocco, . 

Warren's Elements of Machine Construction and Drawing 8vo, 

Weisbach's Kinematics and Power of Transmission. (Herrmann — Klein.). Svo. 

Machinery of Transmission and Governors. (Herrmann — Klein.). 8vo. 
Wood's Elements of Analytical Mechanics Syo> 

Principles of Elementary Mechanics i2mo, 

Turbines ■ 8vo, 

The World's Columbian Exposition of 1893 4to, 
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MEDICAL. 

** Bolduan'a Immune Sera < 12mo, 

De Fursac's Manual of Psychiatry. (Rosanoff and Collins.) Large i2mo, 

Ehrlich's Collected Studies on Immunity. (Bolduan.) 8vo, 

* Fischer's Physiology of Alimentatioa .Large l2mo, cloth, 

Hammarsten's Text-book on Physiological Chemistry. (Mandel.) 8vo, 

Lass£u:-Cohn's Practical Urinary Analysis. (Lorenz.) i2mo, 

* Pauli's Physical Chemistry m the Service of Medicine. (Fischer.). .. .i2nio, i 2S 

* Pozzi-Escot's The Toxins and Venoms and their Antibodies. (Cohn.). i2mo, i 00 

Rostoski's Serum Diagnosis. (Bolduan.) i2mo, i 00 

Salkowski's Physiological and Pathological Chemistry. (Orndorff.) 8vo, 2 so 

* Satterlee's Outlines of Human Embryology i2mo, i 25 

Steel's Treatise on the Diseases of the Dog 8vo, 3 50 

Von Behring's Suppression of Tuberculosis. (Bolduan.) T2mo, i 00 

Woodhull's Notes on Military Hygiene i6mo, i 50 

* Personal Hygiene i2mo, i 00 

Wulling's An Elementary Course in Inorganic Pharmaceutical and Medical 

Chemistry i2mo, 2 00 

METALLURGY. 

Betts's Lead Refining by Electrolysis. (In Press.) 

Egleston's Metallurgy of Silver, Gold, and Mercury; 

Vol. 1. Silver 8vo, 7 so 

VoL n. Gold and Mercury 8vo, 7 So 

Goesel's Minerals and Metals: A Reference Book i6mo, mor. 3 00 

* Iles's Lead-smelting i2mo, 2 so 

Keep's Cast Iron 8vo, 2 50 

Kunhardt's Practice of Ore Dressing in Europe 8vo, r 50 

Le Chatelier's High-temperature Measurements. (Boudouard — Burgess.)i2mo, 3 00 

Metcalf's SteeL A Manual for Steel-users i2mo, 2 00 

Miller's Cyanide Process i2mo, i 00 

Minet's Production of Aluminum and its Industrial Use. (Waldo.). .. .i2mo, 2 50 

Robine and Lenglen's Cyanide Industry. (Le Clerp.) 8vo, 4 00 

Smith's Materials of Machines i2mo, i 00 

Thurston's Materials of Engineering. In Three Parts 8vo, 8 eo 

Part n. Iron and Steel 8vo, 3 so 

Part m. A Treatise on Brasses, Bronzes, and Other Alloys and their 

Constituents 8vo, 2 so 

Ulke's Modem Electrolytic Copper Refining 8vo, 3 00 

MINERALOGY. 

Barringer's Description of Minerals of Commercial Value. Oblong, morocco, 2 50 

Boyd's Resources of Southwest Virginia. 8vo, 3 00 
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Boyd's Map of Southwest Virignia Pocket-book form. 2 00 

♦Browning's Introduction to the Rarer Elements 8vo, i 50 

Brush's Manual of Determinative Mineralogy. (Penfield.) 8vo, 4 oo 

Chester's Catalogue of Minerals 8vo, paperi i 00 

Cloth, 

Dictionary of the Names of Minerals 8vo, 

Dana's System of Mineralogy Large 8vo, half leather. 

First Appendix to Dana's New " System of Mineralogy." Large 8vo, 

Text-book of Mineralogy Svo, 

Minerals and How to Study Them i2mo, 

Catalogue of American Localities of Minerals Large Svo, 

Manual of Mineralogy and Petrography i2mo 

Douglas's Dntechnical Addresses on Technical Subjects i2mo, 

Eakle's Mineral Tables Svo, 

Egleston's Catalogue of Minerals and Synonyms Svo, 

Goesel's Minerals and Metals: A Reference Book itimo, mor. 

Groth's Introduction to Chemical Crystallography (Marshall) i2mo, 

Iddings's Rock Minerals Svo, 

Johannsen's Key for the Determination of Rock-fonning Minerals in Thin 
Sections. (In Press. ) 

* Martin's Labor^itory Guide to Qualitative Analysis with the Blowpipe. X2mo, 
Merrill's Non-metallic Minerals. Their Occurrence and Uses Svo, 

Stones for Buildinff and Decoration Svo, 

* Penfield's Notes on Determinative Mineralogy and Record of Mineral Tests. 

Svo, paper, 

Tables of Minerals Svo, 

'•' Richards's Synopsis of Mineral Characters i2mo. morocco, 

* Ries's Clays. Their Occurrence. Properties, and Uses Svo, 

Rosenbusch's Microscopical Physiography of the Rock-making Minerals. 

(Iddings.) Svo, 

* Tillman's Text-book of Important Minerals and Rocks Svo, 

MINING. 

Beard's Mine Gases and Explosions. (In Press.) 

Boyd's Resources of Southwest Virginia Svo, 

Map of Southwest Virginia Pocket-book form, 

Douglas's Untechnical Addresses on Technical Subjects i2mo, 

Eissler's Modem High Explosives Svo. 

Goesel's Minerals and Metals : A Reference Book r6mo, mor. 

Goodyear's Coal-mines of the Western Coa>t of the United States i2mo, 

Ihlseng's Manual of Mining 8vo, 

* Iles's Lead-smelting i2mo, 

Kunhardt's Practice of Ore Dressing in Europe .Svo, 

Miller's Cyanide Process i2mo, 

O'DriscoIl's Notes on the Treatment of Gold Ores Svo, 

Robine and Lenglen's Cyanide Industry. (Le Clerc.) Svo, 

Weaver's Military Explosives Svo, 

Wilson's Cyanide Processes i2mo. 

Chlorination Process. . , iimo. 

Hydraulic and Placer Mining. 2d edition, rewritten i2mo. 

Treatise on Practical and Theoretical Mine Ventilation i2mo, 

SANITARY SCIENCE. 

Bashore's Sanitation of a Country House i2mo, i 00 

* Outlines of Practical Sanitation , i2mo, 1 25 

Folwell's Sewerage. (Designing, Construction, and Maintenance.) Svo, 3 00 
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Water-supply Engineering. Svo 
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Fowler's Sewage Works Analyses 1 2mo, 

Fuertes's Water and Public Health i2mo, 

Water-filtration Works , i2mo, 

Gerhard's Guide to Sanitary House-inspection i6mo. 

Sanitation of Public Buildings 12mo, 

Hazen's Filtration of Public Water-supplies 8vo, 

Leach's The Inspection and Analysis of Food with Special Reference to State 

Control 8vo, 

Mason's Water-supply. (Considered principally from a Sanitary Standpoint) 8vo, 

Examination of Water. (Chemical and Bacteriological.) i2nio, 

* Merriman's Elements of Sanitary Engineering Svo., 

Ogden's Sewer Design i2mo, 

Prescott and Winslow's Elements of Water Bacteriology* with Special Refer- 
ence to Sanitary Water Analysis i2mo, 

* Price's Handbook on Sanitation i2mo, 

Richards's Cost of Food. A Study in Dietaries i2mo, i 00 

Cost of Living as Modified by Sanitary Science x2nio, i 00 

Cost of Shelter i2mo, i 00 

Richards and Woodman's Air- Water, and Food from a Sanitary Stand- 
point 8vo, 2 00 

* Richards and Williams's The Dietary Computer 8vo, i so 

Rideal's Sewage and Bacterial Purification of Sewage 8vo, 4 00 

Disinfection and the Preservation of Food 8vo, 400 

Tumeaure and Russell's Public Water-supplies 8vo, s 00 

Von Behring's Suppression of Tuberculosis. (Bolduan.) i2mo, i 00 

Whipple's Microscopy of Drinking-water 8vo, 3 so 

Wilson's Air Conditioning. (In Press. ) 

Winton's Microscopy of Vegetable Foods 8vo, 7 so 

Woodhull's Notes on Military Hygiene iCmo, i 50 

* Personal Hygiene i2mo, t oo 



MISCELLANEOUS. 

Association of State and National Food and Daily Departments (Interstate 
Pure Food Commission) ; 

Tenth Annual Convention Held at Hartford, July 17-20, 1906. ..-Svo, 3 00 
Eleventh Annual Convention, Held at Jamestown Tri-Centennial 
Erposition, July 16-19, 1907. (In Press.) 
Emmons's Geological Guide-book of the Rocky Mountain Excursion of the 

International Congress of Geologists Large Evo, i so 

Ferrel's Popular Treatise on the Winds Svo, 4 00 

Gannett's Statistical Abstract of the World 24mo, 75 

Gerhard's The Modem Bath and Bath-houses. (In Press.) 

Haines's American Railway Management i2mo, 2 50 

Ricketts's History of Rensselaer Polytechnic Institute, 1824-18Q4.. Small Svo, 3 00 

Rotherham's Emphasized New Testament Large Svo, 2 00 

Standage's Decorative Treatment of Wood, Glass, Metal, etc. (In Press.) 

The World's Columbian Exposition of 1893 , 4to, i 00 

Winslow's Elements of Applied Microscopy i2mo, i 50 



HEBREW AND CHALDEE TEXT-BOOKS. 

Green's Elementary Hebrew Grammar i2mo, i 25 

Hebrew Chrestomathy 8vo, 2 00 

Gesenius's Hebrew and Chaldee Lexicon to the Old Testament Scriptures. 

(Tregelles.) Small 4to, half morocco, 5 00 

Letteris's Hebrew Bible 8vo, 2 25 
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